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Abbreviations 
 
Abd abdominal segment 
ADMN anterior dorsal mesothoracic nerve 
AL antennal lobe 
AMMC antennal mechanosensory and motor center 
CNS central nervous system 
CPG central pattern generator 
DFM direct flight muscle 
DFMN direct flight muscle motoneuron 
EB ellipsoid body 
FB fanshaped body 
FLP flp recombinase 
FRT flp recombinase recognition target-site 
GRN gustatory receptor neuron 
IFM indirect flight muscle 
IFMN indirect flight muscle motoneuron 
JON Johnston's organ neuron 
L lobula 
LH lateral horn 
LOP lobula plate 
M medial posterior 
MAN median abdominal nerve 
MARCM mosaic analysis with a repressible cell marker  
MB mushroom body 
ME medulla 
MILPr middle inferiorlateral protocerebrum 
MIMPr middle inferiorlateral protocerebrum 
MOL muscle of Lawrence 
Ms mesothoracic segment 
MSLPr middle superiorlateral protocerebrum 
MSMPr middle superiormedial protocerebrum 
Mt metathoracic segment 
NO noduli 
ORN olfactory receptor neuron 
OT optic tubercle 
PB protocerebral bridge 
PI pars intercerebralis 
PILPr posterior inferiorlateral protocerebrum 
PIMPr posterior inferiormedial protocerebrum 
PN olfactory projection neuron 
Pr protocerebrum 
Prt prothoracic segment 
PSLPr posterior superiorlateral protocerebrum 
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PSMPr posterior superiormedial protocerebrum 
RNAi RNA interference 
SOG subesophageal ganglion 
V posterior ventral   
VB ventral body 
VLPr ventrolateral protocerebrum 
VNC ventral nerve cord 
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Synopsis 
 
Male courtship in Drosophila melanogaster is an innate behaviour that 
consists of a sequence stereotyped displays. The function of neurons expressing the 
fruitless gene is necessary for normal courtship behaviour. These neurons are found in 
defined regions of the brain and the ventral nerve cord. Evidence suggests neurons 
expressing fruitless form a “courtship neuronal circuit” in the central nervous system 
that consists of different neuronal types. The aim of this work is to describe the 
anatomy of these neuronal types. This was achieved by genetically labelling different 
subsets of fruitless expressing neurons using the FLP-in technique. Although the cell 
bodies of fruitless expressing neurons are distributed in the entire central nervous 
system, their projections are stereotyped and their arborisations are restricted to 
discrete domains in the neuropil. A map of this neuronal circuit was constructed based 
on the pattern of arborisation of each neuronal type. Components of this circuit are 
found in all parts of the information processing hierarchy, which are sensory 
processing, integration, motor control and motor output. The pattern of arborisations 
supports the hypothesis that many fruitless expressing neurons are interconnected. As 
well as revealing the organisation principles of a neuronal circuit in the central 
nervous system of D. melanogaster, this map serves as the foundation for functional 
investigation of the circuit.  
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Synopsis 
 
Das Balzverhalten von Männchen der Art Drosophila melanogaster ist ein 
angeborenes Verhalten, das aus einer Sequenz stereotyper Verhaltensmuster besteht. 
Neurone, die das Gen fruitless exprimieren, sind für die normale Ausprägung dieses 
Verhaltens verantwortlich. Diese Neurone liegen in bestimmten Regionen des Gehirns 
und ventralen Nervensystems der Fruchtfliege. Es gibt Hinweise darauf, dass fruitless 
Neurone des Zentralnervensystems miteinander verschaltet sind und unterschiedliche 
Eigenschaften aufweisen. Das Ziel dieser Arbeit ist es diese unterschiedlichen Klassen 
von Neuronen anatomisch zu beschreiben. Um dies zu Erreichen wurden die 
einzelnen Klassen von fruitless Neuronen mit der FLP-in Technik spezifisch markiert. 
Obwohl die Zellkörper der fruitless Neurone im gesamte Zentralnervensystem 
anzufinden sind, zeigen sie stereotype Projektionen der Axone sowie dendritische 
Verästelungen, die auf bestimmte Areale des Neuropils beschränkt sind. Eine 
anatomische Karte dieses neuronalen Netzwerkes wurde durch Analyse der 
Verzweigungen jeder Neuronenpopulation konstruiert. Die Komponenten dieses 
Netzwerkes sind in jeder Stufe der Informationsverarbeitung anzutreffen. Dazu 
gehören die sensorische Verarbeitung, die Informationsintegration sowie die 
Kontrolle und Umsetzung motorischer Signale. Die Art und Weise der neuronalen 
Verzweigungen unterstützt die Hypothese, dass fruitless Neurone mannigfaltig 
miteinander verknüpft sind. Diese anatomische Karte ermöglicht sowohl das 
Verständnis der Organisation als auch die funktionelle Analyse der Verschaltung von 
fruitless Neuronen im Nervensystem von Drosophila melanogaster. 
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Introduction 
 
Overview 
 
Multicellular animals, whether small or large, simple or complex, are more 
than assemblies of different cells. Evolution has generated a diversity of both form 
and behaviour. Each species has its own unique array of behaviours, which is tailored 
to its body form and the survival challenges it faces in its environment. While some 
behaviours are learned through experience, each species is born with a set of 
behaviours that are innate and hardwired. These “basic instincts” can be performed by 
the animal without prior experience. By careful observation, the works of Konrad 
Lorenz and Nikolaas Tinbergen in the early 1930s began to explore the basis of 
animal behaviour, one of which was instinct. With the enormous progress in 
molecular biology over the past 50 years, it is possible to extend the analysis of 
animal behaviour beyond observation to its underlying mechanisms. Genes instruct 
the development of the nervous system, the organ that can interpret stimuli from the 
environment, process them and instruct the body to react in appropriate ways. 
Nervous systems are composed of neurons, which are the functional units. To achieve 
a mechanistic understanding of how a nervous system generates behaviour, it is 
necessary to know the component neurons, be able to manipulate them and see the 
corresponding output. The fruit fly Drosophila melanogaster is an attractive model 
organism in neurobiology. Its nervous system is relatively simple compared with 
vertebrates, yet this tiny insect has many innate and learned behaviours. Together with 
a well stocked genetic toolbox, it is an ideal combination to study how the nervous 
system generates behaviour. 
 
Courtship behaviour 
 
One of the well studied innate behaviours in fruit flies is premating courtship 
behaviour, a reason being that the behaviour can be easily reproduced in the 
laboratory. There are approximately 1500 species in the genus Drosophila and 
courtship behaviour among them is highly varied (Markow and O'Grady, 2005).  
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Males and females communicate with each other to determine whether the other fly is 
suitable for copulation. Males actively pursue females to provide visual and auditory 
stimulation, in the form of stereotyped movement sequences, wing displays and sound 
production. Chemical communication, through contact and volatile pheromones, is 
also an important aspect.  In D. melanogaster male courtship behaviour (Spieth, 1974) 
involves a sequence of steps beginning with locating and orientating towards the 
female. The male follows the female closely from behind and taps her abdomen and 
hind legs with his forelegs. Soon, the male starts to vibrate the wing closest to the 
female to make two types of distinct sounds, the pulse song and the sine song, which 
together form the “courtship song” (Shorey, 1962). Courtship song is a critical factor 
for successful courtship since females have an innate preference for certain song 
parameters (Bennet-Clark and Ewing, 1969). When the male is close behind the 
female, he extends his proboscis to lick the female’s genitalia and curls his abdomen 
to mount the female. The female must evaluate the quality of the male through the 
various sensory stimuli he provides and accept his advances by slowing down and 
opening her vaginal plate in order to copulate (Hall, 1994). 
 
fruitless 
 
The search for the genetic mechanism that controls this fascinating behaviour 
began almost 45 years ago. One gene, fruitless (fru), forms a critical link between 
genes, neuronal circuits and behaviour. The first fru mutant, fru1, was generated in an 
X-radiation mutagenesis screen in 1963 (Gill, 1963). The mutation is recessive and 
causes male sterility. Anatomically, mutant males are normal and cause of the sterility 
is behavioural. These males do not court females effectively; they sing less and fail to 
attempt copulation (Hall, 1978). An interesting behaviour shown by these mutants 
was courtship towards other males. The fortuitous recovery of this mutant was the 
first step in the study of the mechanisms of innate sexual behaviour of D. 
melanogaster.  
Concurrently, efforts were made to locate regions of the body required for 
male courtship behaviour in various insects (Clark and Egen, 1975; Hotta and Benzer, 
1972; Hotta and Benzer, 1976). The first internal mosaic study in D. melanogaster 
showed the sex of the central nervous system (CNS) must to be male for a fly to show 
8
male courtship behaviour (Hall, 1977). Further mosaic analysis of the CNS was 
performed to locate different regions that control different components of male 
courtship behaviour and pointed to the dorsal lateral brain as an important centre for 
male courtship behaviour (Hall, 1979).  
 
Genes and molecules 
 
Molecular explorations into the cause of aberrant male courtship behaviour in 
fru mutants began when an inversion on the third chromosome was found in the fru1 
mutant (Gailey and Hall, 1989). Other fru mutants, either deletion mutants or 
transposon insertions that map to this region, also have courtship defects (Castrillon et 
al., 1993; Gailey and Hall, 1989; Moses et al., 1989). The gene suspected to be 
responsible for the observed courtship defect was named after the mutant fruitless (fru) 
(Gailey and Hall, 1989). When fru was cloned, the molecular basis of courtship 
defects of these closely linked lesions became apparent as they all lie within the gene 
(Ito et al., 1996; Ryner et al., 1996). The fru gene is complex in structure with eight 
exons generating numerous alternatively spliced transcripts from four different 
promoters. Males and females have different types of mature transcripts. Of particular 
importance to its role in sexual determination are the transcripts expressed from the 
P1 promoter. Transcripts from this promoter contain the S-exon, which is 
differentially spliced in males and females resulting in differently translated protein 
products. While male transcripts contain the S-exon, this exon is spliced out in female 
transcripts due to binding of the female specific splicing factors Transformer (Tra) 
and Transformer-2 (Tra-2) to three Tra/Tra-2-binding sites at the 3’ end of the S-exon 
(Heinrichs et al., 1998; Lam et al., 2003; Ryner et al., 1996). The fru gene is therefore 
an important component in the sex-determination pathway of the fruit fly.  The male 
P1 transcript protein products have an additional 101 amino acid peptide due to the 
sexually dimorphic splicing. Male specific isoforms, those containing this peptide, are 
called FruM, while common isoforms, those without the peptide, are called FruCOM 
(Lee et al., 2000). 
The molecular functions of the various Fru isoforms are not known but the 
proteins contain known motifs. The 3rd and 4th exons are highly similar to the BR-C, 
Ttk and Bab/Poxvirus Zinc finger (BTB/POZ) domain (Ito et al., 1996). BTB domains 
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are found in many developmental regulators of Drosophila and have been shown to 
mediate protein homo- or heterodimerisation (Bardwell and Treisman, 1994; Zollman 
et al., 1994). The exons that correspond to the C-termini of Fru isoforms contain zinc 
finger motifs characteristic of DNA binding proteins such as transcription factors (Ito 
et al., 1996). These two features suggest Fru isoforms are multimeric transcription 
regulators. The function of the male specific peptide encoded by the S-exon is unclear 
since it does not correspond to know protein motifs.   
The expression patterns of fru transcripts (Lee et al., 2000; Ryner et al., 1996) 
and proteins (Lee et al., 2000; Stockinger et al., 2005; Usui-Aoki et al., 2000) have 
been characterised in detail. FruCOM isoforms are detected in the nervous systems of 
both sexes in early larvae and their expression is downregulated during development 
(Lee et al., 2000). FruM transcripts are expressed relatively late during development, at 
the beginning of the late 3rd instar stage, peak during pupariation and are 
downregulated in the adult (Lee et al., 2000). FruM protein has a similar expression 
profile but remains detectable in adults.  
The fru gene is conserved in insects since fru homologs have been identified in 
mosquitoes, bees and beetles. There is some degree of functional conservation since 
ectopic expression of an isoform of Anopheles gambiae Fru in D. melanogaster gives 
rise to ectopic formation of the muscle of Lawrence, a male specific Fru dependent 
muscle in the abdomen (Gailey et al., 1997; Lawrence and Johnston, 1984). An 
antibody against D. melanogaster FruM is cross-reactive in other Drosophila species 
and shows similar patterns of male specific staining with the exception of D. suzukii 
where expression is detected in both sexes (Yamamoto et al., 2004). 
 
Behaviour and circuits 
 
FruM expressing neurons are found in discrete regions of the nervous system 
(Lee et al., 2000; Ryner et al., 1996). Clues on how the fru gene controls different 
aspects of courtship behaviour became apparent when both the type and the 
expression pattern of transcripts were found to be aberrant in the mutants (Goodwin et 
al., 2000; Lee and Hall, 2001). Most of the available fru mutants are transposon 
insertions, located throughout the fru locus but mostly in introns, that result in 
aberrant Fru proteins from splicing errors. The misexpression of fru transcripts is also 
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attributed to the disruption of enhancer elements around the transposon insertion site 
that direct spatial expression. Each mutant has a different pattern of expression, with 
ectopic expression in some clusters while failing to express in other clusters. More 
importantly, the mutants also vary in the degree and type of courtship defect (Ito et al., 
1996; Villella et al., 1997). Some mutants, fru1, fru2, fru3, and fru4, are bisexual while 
others, frusat, are exclusively homosexual. Some mutants sing, fru1 and fru2, and some 
do not, fru3 and fru4. Males of some mutants, frusat, fru1 and fru4, form long courtship 
chains more readily than others. Together, the type of transcripts and their spatial 
expression pattern are thought to be responsible for different aspects of courtship.  
While the absence of normal male splicing in various fru mutants 
demonstrates the necessity of the male specific exon in normal courtship behaviour, 
one important question was whether FruM isoforms are sufficient to generate male 
behaviour by acting as a behavioural switch gene (Baker et al., 2001). This question 
was addressed by manipulating the endogenous fru locus to generate flies in which 
only male splicing of the transcript was possible. The females of these mutant flies are 
somatically female but express FruM in the same spatial and temporal pattern as males 
(Demir and Dickson, 2005). These females follow and sing to other wildtype females, 
thus acquired certain characteristic male sexual behaviours otherwise never observed 
in normal females. Similar results were obtained by driving various male fruM 
transgenes with Gal4 expressed in the endogenous pattern (Manoli et al., 2005). These 
findings establish FruM as a genetic switch sufficient during the course of 
development in defining courtship behaviour of the fly.  
The courtship circuit 
 
In the adult central nervous system (CNS), the approximately 2000 FruM 
neurons have been classified into 20 discrete clusters based on their positions (Lee et 
al., 2000). The first attempt at seeing the entire FruM expression pattern was made by 
expressing the Gal4 transcription factor with genomic fragments surrounding the P1 
promoter (Billeter and Goodwin, 2004). With various UAS-reporter constructs, 
expression was seen in different sensory organs as well the central nervous system. 
This was later confirmed by expressing the Gal4 transcription factor under the control 
of the endogenous FruM promoter/enhancer elements by inserting the Gal4 
transcription factor near the S-exon (Stockinger et al., 2005) or replacing the S-exon 
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(Manoli et al., 2005). These methods show FruM neurons are not present only in the 
CNS but also in the peripheral nervous system. Sensory afferents of the peripheral 
nervous system are located in the eye, antenna, proboscis, leg, wing, abdomen and 
external and internal genitalia (Billeter and Goodwin, 2004; Manoli et al., 2005; 
Stockinger et al., 2005) providing evidence of an input to output circuit. 
Another key question was whether neurons expressing FruM modulate 
courtship behaviour. With the tools used to see the neurons, it was possible to address 
this question by expressing a dominant negative form of Dynamin to silence or, more 
precisely, acutely disrupt neurotransmission in FruM expressing neurons. The effect 
was a drastic reduction of normal courtship behaviour (Manoli et al., 2005; Stockinger 
et al., 2005) while other behaviours remained unaffected. To further locate which of 
these neurons are required, it was possible to silence visual, olfactory and auditory 
neurons but not other neurons and vice versa (Stockinger et al., 2005). In both cases, 
courtship behaviour was disrupted, suggesting the function of both peripheral and 
non-peripheral neurons is necessary for this behaviour. The converse experiment, 
where FruM neurons are acutely excited by activating a photoactivatable cation 
channel, can elicit courtship-like behaviours (Clyne and Miesenbock, 2008). Taken 
together, these experiments suggest FruM neurons form a module, the Fru circuit, in 
the CNS that controls male courtship behaviour, thus providing an entry point for 
exploring the neurocircuit underlying an innate behaviour.  
The next step is to tease apart the function of the 2000 FruM expressing neuron. 
Analysis of the function of different classes of FruM neurons has been limited. Most 
studies to date have used two broad approaches to focus more on the developmental 
roles of fru in neuron and its effect on behaviour. One involves expressing RNA 
interference (RNAi) to reduce fru transcripts in a population of neurons with the 
Gal4/UAS system and observing its effect on behaviour (Manoli and Baker, 2004; 
Villella et al., 2005). Even if the RNAi hairpin is expressed widely, it only targets fru 
transcripts and should have its effect specifically in neurons that express fru. Using 
this approach, the mcAL neurons, a type of neurons having cell bodies located in the 
ventral region of the antennal lobe (AL) and projecting to the pars intercerebralis (PI), 
were suggested to be important in regulating the correct progression of different 
courtship steps (Manoli and Baker, 2004). This study demonstrates the necessity of 
fru during the development for the correct function of these neurons; however, their 
role in a normal functional circuit could not be addressed with this technique. The 
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second approach is analogous to the early mosaic studies (Hall, 1979) and involves 
changing the sex of a neuronal population. This is done by expressing sex-
determination factors using various neuronally expressed Gal4 lines, thus achieving 
mosaic gynandromorphs with greater precision (Certel et al., 2007; Chan and Kravitz, 
2007; Ferveur and Greenspan, 1998; Ferveur et al., 1995). Early experiments found 
feminisation of different brain regions, AL, MB, the protocerebrum and the 
subesophageal ganglion (SOG) (Ferveur and Greenspan, 1998; Ferveur et al., 1995) 
gave indiscriminate courtship towards both sexes. Prior to the realisation that FruM 
neurons play key roles in courtship behaviour, these studies reinforced the findings 
from the early gynandromorph studies that discrete regions of the brain modulate 
courtship. It is difficult to interpret what contribution these brain regions have in 
normal courtship given the large brain regions feminised by the Gal4 drivers. Using 
Gal4 driver lines that are more restricted in expression, it was possible to strengthen 
the link between neuronal populations and their effect on behaviour. Feminisation of 
octopamine producing neurons, some of which express FruM, alters the pattern of sex-
specific aggression as well as courtship behaviour (Certel et al., 2007). The 
contribution of FruM neurons in this case is not clear since FruM neurons are only a 
small part of the neuronal subset feminised.      
These previous attempts at analysing neurons required for sex-specific 
behaviours demonstrate the need for targeted manipulation of a neuronal 
subpopulation to precisely determine its function. For fru neurons, one entry point is 
the olfactory sensory neurons (ORNs). These neurons are defined by the type of 
olfactory receptor (OR) they express and the entire population can be labelled by the 
expression of Gal4 under the promoter of each OR (Couto et al., 2005; Fishilevich 
and Vosshall, 2005). In the antenna, two classes of ORNs, Or67d and Or47b, express 
FruM (Stockinger et al., 2005). The AL glomeruli they innervate are larger in volume 
in males than females suggesting they are involved in processing sex-specific 
information (Stockinger et al., 2005). Or67d neurons are responsive to cis-vaccenyl 
acetate (cVA), a pheromone present in males that acts to suppress courtship towards 
other males (Kurtovic et al., 2007). It was possible to genetically label this population 
of neurons by replacing the Or67d receptor genomic sequence with the Gal4 coding 
sequence. To demonstrate that signalling through this class of neurons is triggering 
the behaviour, an OR from the silk moth was expressed instead of OR67d using the 
Gal4 replacement. Activation of the neuron by the ligand corresponding to the ectopic 
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OR, the silk moth pheromone bombykol, generated behaviour like the endogenous 
ligand receptor combination (Kurtovic et al., 2007).  The next type of neuron in the 
chain of information flow is the olfactory projection neuron (PN). PNs from the DA1 
and the VA1v, receiving input from 67d and 47b ORNs respectively, project to the 
ventral region of the lateral horn (LH), a region of the LH separate from those PNs 
relaying other olfactory stimuli, suggesting pheromone sensing pathways are spatially 
segregated (Jefferis et al., 2007). When further analysis were done for the DA1 PNs, it 
was found that the arborisation of these PNs in male and females segregate in slightly 
different regions of the ventral LH, suggesting they may connect to higher order 
neurons that are sexually dimorphic (Datta et al., 2008).  
There are very few detailed anatomical descriptions of higher order FruM 
neurons but the few that are available show interesting dimorphisms. A cluster of 
neurons above the antennal lobe, the mAL neurons, are more numerous in males and 
have sexually dimorphic projections in the SOG (Kimura et al., 2005). Another group 
of neurons in the posterior brain, the P1 neurons, are only present in males and could 
trigger male-like behaviour in females (Kimura et al., 2008). The difference appears 
to be regulated by both doublesex, which controls the survival of the neuronal 
progenitors, and fruitless, which determines the arborisation pattern. In the abdominal 
ganglia, a cluster of FruM positive serotonin producing neurons is not found in 
females (Billeter et al., 2006; Lee and Hall, 2001). These serotonin producing neurons 
innervate the internal reproductive organs and could potentially regulate ejaculation 
(Billeter et al., 2006). Dimorphism of neurons in this region is not unexpected since 
the male and female reproductive organs are grossly different and thus require 
different innervations. Another conspicuous FruM dependent anatomical dimorphism 
is the muscle of Lawrence, which is a male specific muscle in the 5th abdominal 
segment (Gailey et al., 1997; Lawrence and Johnston, 1984). The presence of this 
muscle is dependent on fru expression in the innervating neurons (Usui-Aoki et al., 
2000). However, the function of this muscle in courtship remains a mystery since 
some fru mutant males lacking this muscle can still copulate (Gailey et al., 1991). 
Differences in the number of neurons between males and females in various FruM 
clusters have been reported (Rideout et al., 2007; Stockinger et al., 2005). The 
corresponding neurons need to be carefully examined since they could reveal new 
dimorphisms similar to those mentioned previously.  
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Taking apart the courtship circuit 
 
The current state of our understanding of the anatomy and function of FruM 
neurons is low due to limitations in the techniques available to genetically label 
different neuronal subsets. The following is a summary of possible approaches to 
address outstanding circuit based questions. It has been proposed that FruM neurons 
are interconnected, although not exclusively with each other, thus forming a circuit 
(Stockinger et al., 2005). This has not been experimentally shown apart from the 1st 
and 2nd order olfactory neurons (Datta et al., 2008; Schlief and Wilson, 2007). The 
connectivity problem can be addressed anatomically in mice with the trans-synaptic 
tracers pseudorabies virus and barley lectin (Boehm et al., 2005; Yoon et al., 2005). 
This method labels predominantly neurons having synaptic contact. Unfortunately, 
successful trans-synaptic tracers in D. melanogaster have not been reported. A 
systematic description of the anatomy of FruM neurons in the brain is not available. 
Classical dye filling methods have given amazing insight into the organisation of 
neurons in numerous insect species. However, the size of D. melanogaster and its 
neurons are not so amenable at a large scale to this approach. Genetic labelling 
methods such as MARCM could reveal the morphology of neurons as well as lineage 
relationships since it stochastically labels of a few or a population of neurons during 
development (Lee and Luo, 2001). This could be a powerful technique to reveal the 
organisation of FruM neurons. A downside to this approach is the difficulty in 
reproducing the labelling of a neuron or neurons of interest on demand. 
Thus the need for genetic systems that allow reproducible labelling of neurons 
is favoured over the previously described methods. One suitable technique that could 
be adapted to explore the FruM circuit is the split two-hybrid based system (Luan et al., 
2006). This technique relies on the intersection of two neuronal populations. One 
population of neurons, for example FruM neurons, expresses the activation domain of 
a transcription factor fused to a dimerisation domain, and another population 
expresses the DNA binding domain of Gal4 fused to the other cognate dimerisation 
domain. Neurons that at the intersection of the two populations would express both 
the activation and DNA binding domains and could drive UAS based reporter genes. 
This system is potentially very powerful for circuit dissection but requires a large 
library of enhancer traps expressing each half of the transcription factor. Unlike the 
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large collection of Gal4 enhancer trap libraries already available, there is no existing 
collection of the two separate domains making this method currently unsuitable. 
The approach taken in the course of this work is based on existing collections 
of Gal4 enhancer lines to find those that are expressed in an overlapping subset of 
FruM neurons. Previous studies have already identified numerous Gal4 lines with this 
property (Certel et al., 2007; Chan and Kravitz, 2007; Kimura et al., 2005; Manoli and 
Baker, 2004; Villella et al., 2005). These lines show different degree of overlap with 
FruM neurons but are not restricted to discrete clusters; hence it is necessary to 
identify more lines with restricted expression. A FLP-in technique is used to limit 
subsequent manipulation to only FruM neurons labelled by the Gal4 lines. This system 
relies on the ability of FLP recombinase (FLP), a recombinase from Saccharomyces 
cerevisiae, to induce recombination between specific DNA sequences, flip 
recombinase recognition target (FRT) sites (Golic and Lindquist, 1989). In this system, 
Gal4 from the enhancer line drives the expression of a cassette with UAS-FRT-
transcription stop-FRT-reporter, in which the reporter remains silent because of the 
transcription termination sequence between the UAS and the start of the reporter. FLP 
expressed in the FruM population, fruFLP, would randomly excise the region between 
the two FRT sites, removing the transcription termination sequence and allowing the 
Gal4 to driver the expression of the reporter. This method effectively restricts the 
expression of the reporter to the overlapping neuronal population between the FLP 
expressing population and the Gal4 expressing population. The analogous technique 
successfully used in mice is the Cre/LoxP system where the bacteriophage P1 DNA 
recombinase, Cre, is used to excise LoxP sites (Sauer, 1998). The FLP/FRT system is 
more widely used in D. melanogaster compared to the Cre/Lox system and is 
preferred for this work since Cre expression has been shown to be toxic when 
expressed in different tissues (Heidmann and Lehner, 2001). The limitation of FLP is 
its stochastic activity. Not all of the neurons within the intersection population will 
express the reporter on in every animal. This is more critical when only a small 
number of cells are within the overlap of Gal4 and fruFLP. However, compared with 
other FLP based methods, such as MARCM, the FLP-in technique should allow 
relatively reproducible labelling of neurons at a population level in a sample of 
animals, thus achieving the goal of being able to manipulate defined neuronal 
populations.  
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Summary 
 
fruitless offers a rare opportunity to understand the inner workings of a fly’s 
brain. Its expression in the neurons that are dedicated to the execution of reproductive 
behaviour could lead to the understanding of how a set of neurons functions 
mechanistically to generate behaviour. This following account will detail the 
description of some of the different neuronal types or components that make up the 
“courtship circuit” of the fly. It is hoped that this work is the foundation for 
understanding how these components interact with each other and thus getting one 
step closer to solving the secrets of the male fly’s success over the last 50 million 
years.    
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Results 
 
The FLP-in system labels FruM neurons 
 
In order to mark different FruM-expressing neural subsets we used the FLP-in 
system. The FLP-in system has three components, FLP recombinase (FLP) expressed 
in FruM neurons, a FLP-in reporter construct and a Gal4 driver. To express FLP in 
FruM neurons, the entire fruitless S-exon was replaced with the coding sequence of flp 
by homologous recombination (Fig. 1A). The resulting recombinant is referred to as 
fruFLP. The neurons labelled by this system are referred to as FruM neurons.  
Immunohistochemistry confirmed the coding region of the S-exon is absent in 
the fruFLP allele (Fig. S1A to C). The absence of functional FruΜ leads to the 
malformation of the muscle of Lawrence (MOL) (Gailey et al., 1991). As expected 
the MOL of fruFLP homozygotes is absent or severely reduced in size compared with 
heterozygotes (Fig. S1D to G).  
We determined the efficiency and specificity of the FLP-in system to label 
FruM neurons by using the pan-neuronally expressed Gal4 driver nSyb-Gal4 to 
express nuclear targeted β-galactosidase (UAS>stop>nLacZ) in all fruFLP neurons (Fig. 
1B). In male brains, β-galactosidase was detected in 1204 ± 95 neurons (n = 8) 
whereas anti-FruM detected 517 ± 34 (n = 8). The difference comes from the 
mushroom body (MB) Kenyon cells, where anti-FruM does not stain neurons 
(Stockinger et al., 2005).  Labelling of neurons in other regions is specific since there 
is strong colocalisation of β-galactosidase and FruM. In the male ventral nerve cord 
(VNC) there are 378 ± 16 (n = 6) β-galactosidase positive neurons and 383 ± 63 (n = 
6) FruM positive neurons. Fewer β-galactosidase positive cells were labelled in female 
brain, 994 ± 89 (n = 9) and VNC 213 ± 15 (n = 7). We labelled projections and 
arborisations of the FruM neurons in the central nervous system (CNS) with 
membrane tethered GFP, mCD8GFP (Fig. S2A). This method was unable to reveal 
neurons in the periphery, which were instead labelled with Tau-β-galactosidase and 
visualised with X-gal staining (Fig. S2B). Neurons were detected in the antennae and 
forelegs of males and females. In the male genitalia, neurons innervating the claspers 
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and anal plate were observed (Fig. S2B 3). No neurons were labelled in the female 
genitalia. 
 
FruM subsets are labelled by different Gal4 drivers  
 
We screened a collection of 1187 Gal4 lines using the FLP-in system for 
overlap with FruM neurons. 363 Gal4 lines (31%) were positive in the initial screen 
and we chose to analyse in detail 118 lines that showed restricted overlap. These were 
analysed using immunohistochemistry and confocal microscopy. 
 
Standard tissues for non-rigid registration  
 
To accurately compare different FruM neurons labelled in the large number of 
tissue samples, we applied a non-rigid registration algorithm (Jefferis et al., 2007; 
Rohlfing and Maurer, 2003) to samples against a standard brain or VNC. We 
generated a standard brain that covers the central brain and a part of the optic lobe 
(Fig. S3A), which is where the majority of FruM neurons are found in the brain. Our 
standard VNC covers the entire tissue (Fig. S3B). In total, we registered 2229 images 
of brain and VNC, of which 1371 were manually judged to be satisfactory arriving at 
a success rate of 61.5%. Detailed procedures are provided in Material and Methods. 
 
Identification of new FruM neuronal classes in the central nervous 
system 
 
Registration greatly simplified analysis of images for the morphological 
classification of FruM neurons. FruM neurons have been classified based on their 
location in the central nervous system into 15 clusters in the brain and 5 clusters in the 
VNC (Lee et al., 2000). The 15 brain clusters have been further subdivided into 39 
morphologically distinct classes of neurons with MARCM (Kimura et al., 2008). In 
comparison to currently described neuronal classes, we identified 58 morphologically 
distinct classes of neurons with cell bodies located in the brain and 33 in the VNC 
(Fig. 2A to D, Table S3). The names of the neuronal classes append existing 
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nomenclature, with reference to the location of the cell bodies in relation to standard 
neuropil regions. Suffixes were given to neuronal classes that further subdivide an 
existing cluster. Table S3 and Figures S4A and 4B provide detailed description of 
each neuronal class. Many neuronal types were sighted infrequently and these are 
listed in Table S3B.  
We classify a neuronal class based on three criteria, the location of its cell 
bodies, the path of its neuronal projections and the location of its arborisations within 
the neuropil. This is necessary as neurons in different images can be classified based 
on these features.  
The neurite of each class of neurons have stereotyped shapes and paths within 
the neuropil, as demonstrated by the different subesophageal ganglion (SOG) 
neuronal classes in Fig. S4B. The traces were generated from samples labelled with 
Tau-β-galactosidase or mCD8GFP. Their quality depends on the type of labelling. 
Tau-β-galactosidase strongly labels the large neurites but does not label smaller 
neurites or fine arbours where as mCD8GFP labels arborisations but sometimes only 
weakly labels neurites. We have tracings for 85 out of 92 FruM neuronal classes. For 
these classes, we traced 1 to 24 samples per neuronal class (average 6 per class), 
having a total of 575 neuron traces. There are 37 traces of neurons that do not fit into 
one of the existing classes and are referred to as unclassified (Table S3B).  
The arborisations of each neuronal class are densities in the neuropil 
associated with the neurites. These are the location of pre- or post-synaptic termini of 
the neurons. Each neuronal class has stereotyped arborisation patterns within the 
neuropil. The arborisations of 38 neuronal classes have been defined of which 22 are 
generated from sparsely labelled images. The arborisations of the remaining 16 
classes are estimates based on analysing numerous images containing the neuronal 
class since sparsely labelled clones of the class were not available. The arborisations 
of an additional 40 classes are estimated based on the neuropil region where their 
neurites terminate. The remaining 13 classes have no data because they were not 
reliably labelled by the available lines or the arborisation of interest was occluded by 
other arborisations in all the available images. A detailed description of each neuronal 
class is found in supplementary table S3A and the corresponding images in Figures S4 
1 to 78. 
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FruM neuronal classes are labelled sparsely with the FLP-in 
system 
 
Each Gal4 line labels 1 to 60 classes of FruM neurons (Table S4A and B). 
Initially, most Gal4 lines are labelled with Tau-β-galactosidase and the lines were 
selected based on the results of the X-gal assay (Table S4B). The resolution of the X-
gal assay is not high enough to accurately reveal the number and type of neuronal 
classes labelled in each sample, which required confocal microscopy. Labelling of 
neurites by Tau-β-galactosidase was strong and neural projections were not occluded 
by arborisations. After the analysis of confocal images, the median number of 
neuronal classes labelled by Gal4 lines in this set was 37 for males and 25 for females 
(Fig. S5B). To reveal neuronal arborisations, a set of more restricted Gal4 lines was 
selected for labelling with mCD8GFP. This selection was based on the results of the 
X-Gal assay as well as lines previously labelled with Tau-β-galactosidase (Table S4A). 
This was necessary since the likelihood of overlapping arborisations increases as more 
clusters are labelled, which makes it difficult to unambiguously assign an arborisation 
region to one neuronal class. The median number of neuronal classes labelled in the 
mCD8GFP set was 16 for males and 15 for females, which is a large reduction in the 
number of clusters labelled compared with those used for labelling with Tau-β-
galactosidase (Fig. S5A).  
In order to assess whether there was sex bias in the number of neuronal classes 
labelled in the system, a subset of the lines, where both male and female data were 
available, was used to compare expression between males and females (Fig. S5C). 
This is not the case with the mCD8GFP Gal4 set since the median scores were similar 
between the two sexes (Fig. S5C 2). In the Tau-β-galactosidase set, more neuronal 
classes are labelled in males compared to females suggesting the efficiency of 
labelling with this reporter cassette is greater in males than females (Fig. S5C 2).  
We also wondered whether labelling of neuronal clusters in the brain is 
independent of labelling in the VNC. However, after comparing the clusters labelled 
in the brain with those labelled in the VNC for a given Gal4 lines, no correlation 
could be found between the two tissues suggesting expression patterns of Gal4 lines in 
the brain and VNC are independent of each other (Fig. S5A 2 and B 2).     
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To describe each class of FruM neuronal class in detail, we subsequently 
selected the sparsest Gal4 line that marked the neuronal class of interest using the 
expression data in Table S4.    
 
Anatomy of the courtship circuit 
 
The aim here is to investigate the organization of FruM neuronal classes in the 
CNS. It has been suggested FruM neurons make up an interconnected circuit dedicated 
to courtship behaviour (Stockinger et al., 2005). Physiological connection between 
different FruM neuronal classes has not been demonstrated except between the 1st and 
2nd order olfactory neurons (Datta et al., 2008). Synaptic communication requires 
close localization of the dendritic and axonal termini of the connected neurons, 
therefore the arborisations of these neurons must be in close proximity. Although we 
can not visualize individual synapses at the imaging resolution of this study, we can 
estimate potential connectivity based on overlap of arborisations between two 
neuronal classes (Jefferis et al., 2007; Stepanyants and Chklovskii, 2005).    
FruM neuronal cell bodies are broadly distributed  
 
The clusters of cell bodies of FruM neuronal classes are found in many regions 
in the brain. In the anterior brain, the locations of the cell bodies are wide spread (Fig. 
2A). In the posterior brain, the cell bodies are found in the MB calyces and in zones 
located laterally and ventrally (Fig. 2B). In the ventral VNC, cell body clusters are 
organised into in more discrete locations compared with the brain. These zones are 
located in the anterior and posterior boundaries of the prothoracic segment, the 
anterior and posterior of the mesothoracic segment and in the abdominal segment (Fig. 
2C). There are few cell body clusters on the dorsal VNC, those are restricted to the 
dorsal mesothroacic segment, the dorsal metathoracic and the majority in the cleft 
between the metathoracic segment and the abdominal segment (Fig. 2D). 
A large number of MB Kenyon cells are observed. Below these Kenyon cells 
is a zone of cell bodies belonging to the lP classes, the majority of which are 
projection neurons that innervate the superior protocerebrum (Pr). This region also 
houses the descending neurons belonging to the lP-3 classes.  
22
FruM neurons arborise in discrete domains 
 
By averaging images of the arborisations of the entire FruM neuronal 
population labelled with the FLP-in system (nSyb-Gal4∩FruFLP::mCD8GFP), it is 
clear that the dense arborisations are not distributed across all neuropil regions but are 
located in discrete domains in the CNS. This is in contrasts to the wide distribution of 
their cell bodies. These domains in the neuropil are sites where FruM neurons form 
connections with other neurons and possibly with each other. The dense arborisation 
domains can be manually classified based on their location in the neuropil and their 
shapes (Fig. 3A, 4A and B). The following is a brief summary of the major domain 
regions, which is discussed in detail in the next sections. In addition to the dense 
arborisation domains, weaker staining arborisation domains are also observed. These 
will be discussed with respect to their neuropil where they are located.  
The major arborisation domains in the brain are the lateral protocerebral 
complex, the superior medial Pr, the MB γ lobe and the SOG complex (Fig. 3A). The 
lateral protocerebral complex is a large domain consisting of continuous, 
interconnected subdomains in the lateral Pr. These subdomains are named according 
to the neuropil region they innervate, the lateral horn (LH), the ventral lateral 
protocerebrum (vlPr), the lateral junction, the arch and the ring.  
In the VNC, FruM arborisations are found in all three segments. In the ventral 
VNC, the arborisations are predominantly found in the ventral prothoracic segment, 
which contains the anterior domain and the bow-tie shaped ventral domain (Fig. 4A). 
The dorsal VNC contain dense arborisations in three domains, the A shaped anterior 
dorsal complex, which spans the dorsal pro- and mesothoracic segments, the dorsal 
domains in the meso- and metathoracic segments and the domain that occupies the 
entire abdominal segment (Fig. 4B). 
 
FruM neurons by region 
Subesophageal ganglion 
 
There are 8 classes of local interneurons, named SOG-1 to -8 (Fig. S4B). Most 
are unpaired, with cell bodies located on the midline and projections extending to the 
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floor of the subesophageal foramen. One class of interneuron, SOG-3, is distinct from 
the rest having extensive net like arborisations in the ventral SOG (Fig. S4B). 
A major arborisation domain in the SOG, the SOG complex, is located in the 
anterior dorsal region close to the AL (Fig. 3B and C). This region is defined 
primarily by the bilateral arborisation of mAL, which is interwoven by similarly 
shaped arbours of mmAL. A small region on this zone overlaps with the arborisation 
of the neuronal classes, mmcAL, pSP2-2 and mMb-1. These are all projection neurons 
that connect to the superior Pr. Neurites of mAL take on a lateral path to the lateral 
junction, while those of mmAL, mmcAL, pSP2-2 and mMb1 travel along the median 
bundle to the superior medial Pr. 
The arbours of mAL are sexually dimorphic, where the dense bilateral males 
arbours are instead small fork-like in females (Kimura et al., 2005).  
Antennal lobe 
 
The major innervations in the antennal lobe (AL) belong to the well 
characterized olfactory projection neurons (PNs) (Fig. 3D). Two classes innervate the 
DA1 and VA1v glomeruli and project to the MB calyx (Fig. 3N) and LH (Fig. 3J) via 
the antenno-cerebral tracts. Another class of projection neuron, lAL, has cell bodies 
located laterally and superficial to the AL. They form web like arbours in the AL (Fig. 
3D) and project to the posterior superior medial Pr (Fig. 3R), partially sharing the 
antenno-cerebral tract with the PNs. 
Antennal mechanosensory and motor centre 
 
The antennal mechanosensory and motor centre (AMMC) is innervated by the 
unclassified descending projection neuron Descend 1 (Fig. S4A 81). The arbours of 
these neurons heavily infiltrate the AMMC. The projection neuron, lmcAL, innervates 
the ventral posterior rim of the AMMC (Fig. 3E) and forms extensive arbours in the 
ventral ring (Fig. 3T).  
Posterior brain 
 
In this study, the posterior region of the brain is defined as the ventral region, 
V (Fig. S3A). Many projection neurons innervating the lobula of the optic lobe 
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arborise here. These are mP-1, which forms two distinct arbours at the V (Fig. 3F); 
the unclassified N197, which, project to a small region in the medial V; and LT32, for 
which the arbours in the V could not be defined. A part of the extensive arbours of lP-
3, a class of descending interneurons, is located in the V while arbours of vMtAb, an 
ascending projection neuron, are located in central V. 
Lateral protocerebral complex 
 
The lateral protocerebral complex is a dense arborisation zone in the lateral Pr. 
The central feature of this complex is the distinctive “ring” like structure that encircles 
the MB peduncles. The ring is connected to the other domains in the complex, which 
are the LH, vlPr and the lateral junction (Fig. 3A). A dense tract, the “arch”, in the 
superior Pr connects the two hemispheres.  
Lateral protocerebral complex-ventral lateral protocerebrum 
 
The ventral lateral protocerebrum (vlPr) contains arbours formed by local 
interneurons, lvlP-1 to -3 (Fig. 3G to I). The arbours of these classes span the vlPr and 
intersect those of projection neurons innervating the lateral protocerebral complex. 
The arbour from the lateral protocerebral complex is a scythe like extension to the LH 
(Fig. 3A). The neuron that innervates this region, aSP3-3, pSP2-1, svlP-1, aSP3-1 are 
aSP3-2 are projection neurons connecting the LH, lateral ring and the medial Pr 
regions. The arbours of the descending projection neuron mMb-d extend to this region. 
 
Lateral protocerebral complex-lateral horn 
 
FruM arbours are restricted to the ventral LH (Fig. 3J) where those of olfactory 
PNs from the DA1 and VA1v glomeruli are localized. Neuronal classes with cell 
bodies around the LH innervate this region and project to the vlPr, aSP3-1, aSP3-2, or 
to the lateral ring, aSP3-1a. pSP3-1 is a candidate local interneuron for the LH since 
its neurites project to this region. 
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Lateral protocerebral complex-lateral junction 
 
The lateral junction is a region above the ring that is not a discrete domain but 
a region of intersection of many neuronal classes (Fig. 3K). The dorsal projections of 
mAL neurons directly enter this region. The only neuronal class that has discrete 
terminals here is the ascending neuron originating from the vMtAb. Neuronal classes 
svlP-1, svlP-2, pSP2-1, mMb1, aSP3-4(2) and mMb-d, arborise within the region but 
continue to other regions. While the exact arbours of the classes lP-1 and lP-3-3 are 
unknown, the traces their neurites also terminate in this region. 
Lateral protocerebral complex-ring 
 
Although the entire ring is densely populated by arborisations, arbours of 
different neuronal classes are localised to subdomains (Fig. 3S-U). The descending 
projection neuron mMb-d projects to the entire ring structure, while aSP3-4 projects 
mainly to the medial-ventral region. The arborisation of aSP2-p is localised in the 
medial region. Projection neurons innervating the lateral Pr, aSP3-1a and aSP3-2, and 
the posterior Pr neuron, lP-1, arborise mainly in the lateral region. This region is also 
arborised by the unclassified ascending projection neuron N196. Visual projection 
neuron LT12 also has a discrete arbour in the lateral ring. The dorsal region of the 
Ring is connected to the lateral junction. The ventral rings of both hemispheres are 
innervated by the projection neuron lmcAL, which also connects to the AMMC. The 
descending projection neuron lP-3 innervates the ventral ring. Ascending projection 
neurons from the dAb and vMtAb regions of the VNC terminates in the ventral ring in 
a similar way to lmcAL.  
 
Lateral protocerebral complex-arch 
 
The arch is a dense arborisation and neurite tract that connects the lateral 
protocerebral complexes of both hemispheres via the lateral junction (Fig. 3A). 
Neurons belonging to the aSP3, pSP2-1, pSP3 and svlP groups traverse and form this 
density (Fig. 3V and W). The descending projection neuron mMb-d also contributes 
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to this zone. Local interneuron aSP2 has ipsilateral projections in the dorsal region of 
the tract.  
Optic tubercle 
 
The vlOT-1 is a projection neuron that has bilateral connection to both optic 
tubercles (OTs). The arbours are localized to the anterior dorsal OT. aSP3-4(2) is a 
class of projection neuron that has only been seen in females, arborises posterior OT 
and does not overlap with those of vlOT-1 (Fig. 3L).  
Mushroom body 
 
The FruM Kenyon cells of the mushroom body (MB) predominantly innervate the γ-
lobes (Fig. 3A). The medial terminal of the γ-lobe is innervated by mbSN-1 neurons, 
which connect to a region in the superior medial Pr (Fig. 3M). The olfactory PNs form 
small arbours in the MB calyces (Fig. 3N).  
Optic lobe 
 
The arborisation FruM neurons in the optic lobe (OL) are restricted to the 
lobula. The arbours in the lobula are localized to two zones, the anterior zone 
occupied by LC14 and LT32 (Fig. 3X); and the posterior by LT12 (Fig. 3Y). The 
arbours of mP-1 neurons have diffuse distribution while those of N197 are unknown. 
mP-1, N197, LT32 and LT12 are candidate visual projection neurons since the former 
three classes connect the lobula to the V and the latter to a small region in the lateral 
ring. The LC14 class of neurons travels along the great commissure to the 
contralateral lobula but also arborises in a small region in the medial posterior region 
of the brain. 
 
Superior medial protocerebrum 
 
The arborisations in the superior medial protocerebrum are localised to the 
pars intercerebralis (PI) and extend to the posterior superior medial Pr. This region is 
connected to the SOG by different projection neurons, mMb1 and pSP2-2 to the 
posterior SOG (Fig. 3Q and R); and mmcAL and mmAL to the anterior SOG (Fig. 3O 
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and P). The neurons svlP-2 and pSP3-3 connect a region below the PI to the lateral 
junction (Fig. 3O). The region below the PI is also connected to the MB γ lobe 
terminal by mbSN-1. Local interneurons for this region include mP-2 in the anterior, 
aSP3-2p in the posterior region and pSP1, which span both regions. The two 
hemispheres are connected by aSP3-5. 
Prothoracic segment 
 
There are three domains in the prothoracic segment. One domain spans the 
anterior prothoracic segment and, to a lesser extent, to the entire region (Fig. 4A). 
Local interneurons vPrM1a and vPrM1-a-m arborise here (Fig. 4C and D) as well as 
the interneurons Pr2, Pr3 and vPrM1v, and ascending projection neuron vPrM1-m. 
Both long range projection neurons vPrM2-v and vMsMt2 arborise in the prothoracic 
segment and arborise in the contralateral metathoracic segment. The difference 
between these two classes is that vMsMt2 arborise in the wing segment while vPrM2-
v does not.  
The second ventral domain is a large but discrete region in the ventral medial 
prothoracic segment spanning both hemispheres (Fig. 4A). This arborisation density 
resembles closely those of foreleg afferent sensory neurons (Murphey et al., 1989; 
Smith and Shepherd, 1996). Many ascending projection neurons from the vAb and 
vMtAb have short arbours in this region. 
The third domain is a large “A” shaped region on the dorsal side of the 
prothoracic segment spanning the anterior midline to the lateral dorsal wing segment.  
Anterior dorsal complex 
 
The anterior dorsal complex is a prominent region in the dorsal VNC that 
spans the prothoracic segment and the dorsal wing and mesothoracic segment (Fig. 
4B). It is richly arborised by neurons located in the anterior prothoracic and those 
located between the pro- and mesothoracic segments. The anterior dorsal 
mesothoracic nerve (ADMN), which innervates the wing and flight muscles, extends 
from the posterior end of the complex. Descending projection neuron mMb-d has 
termini in this complex.  
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In the prothoracic segment, Pr1 and vPrM1-l contribute to the anterior dorsal 
complex (Fig. 4F and G). The projection neuron vPrM2-l-m arborises in this region 
and projects to the contralateral metathoracic segment (Fig. 4F and G).  
The ventral wing region remains relatively free of arborisations (Fig. 3H). The 
dorsal wing region is closely connected to the dorsal mesothoracic segment where 
arborisations of dPrM1, vPrM2-l and dMsMt1-1 join the anterior dorsal complex (Fig. 
4I, K and L). The ADMN extends from the dorsal wing region and contains the 
motoneuron vPrM2-l and wing afferent sensory neurons (Smith and Shepherd, 1996). 
Arbors of local interneuron dPrM2 extend from the dorsal wing and mesothoracic 
segment to the ventral regions.  
Mesothoracic segment 
 
The ventral domain of the mesothoracic segment contains arborisations of 
projection neurons dPrM2, vMsMt1 and vMsMt4 (Fig. 4J). An efferent neuron, 
vPrM2-p, has web like arborisations in the ventral region and exits the VNC via the 
midleg nerve. Ascending projection neurons from the Ab form arbours on the midline 
of the mesothoracic segment. The dorsal region contains the arborisations of vPrM2-l 
and dMsMt1-1. Arborisation of vMsMt4 is likely to extend from the ventral into the 
dorsal region. The wing afferent and haltere afferent neurons have small arbours in 
this region.  
Metathoracic segment 
 
There are two domains in the metathoracic segment. The ventral domain is 
spread across the two hindleg neuromeres and is arborised by interneuron vMtAb and 
the descending projection neurons mMb-d and lP-3 (Fig. 4M). The dorsal region lies 
on the midline and contains the arborisation of haltere afferents, local interneuron 
dMtAb, a projection neuron connecting to the anterior prothoracic segment vPrM2-v, 
and vMtAb (Fig. 4N).  
Abdominal segment 
 
The abdominal segment contains arborisations from a large group of neurons 
(Fig. 4A). One arborises locally and exits the VNC via the median abdominal nerve. 
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Other type ascends into the brain with or without arborising locally. The only 
segmented arborisation regions are those from the ascending neuron vMtAb and the 
interneuron dMtAb (Fig. 4O and P). 
 
Map of the courtship circuit 
 
 The discrete and overlapping distribution of arborisations of FruM neurons 
suggest potential connectivity between different neuronal classes. Based on the 
locations of their arborisations, a map was constructed to show the relationship 
between different neuronal classes in relation to arborisation domains in the CNS (Fig. 
5).  
 
30
Discussion 
 
A standard approach to neuroanatomy 
 
Comparison of neurons in the brain between studies is difficult. Visual 
inspection is often the best guide. For example, previously FruM neuronal classes 
(Kimura et al., 2008) can not be definitively compared with the current study. By 
registering neurons of interest to a reference tissue, comparison is made more 
convenient and quantitative.  
This approach has been initially applied to generate a model of the optic lobe 
(Rein et al., 1999) and then the whole brain of Drosophila melanogaster (Rein et al., 
2002). Registration was limited only to linear transformations of the sample. The 
accuracy of registration is greatly improved with a non-linear registration algorithm 
(Rohlfing and Maurer, 2003), which is used in this study. Insect brains are highly 
ordered and stereotyped, making non-rigid transformation, which relies on local 
image structure, possible and useful in comparing samples. The first standard brain 
generated using non-rigid registration was the honeybee brain and aided the 
comparison of neurons in the olfactory pathway of the honeybee (Brandt et al., 2005). 
The standard brain of the desert locust, Schistocerca gregaria, is also available 
(Kurylas et al., 2008) and efforts are made to generate stand brains of species 
including the moths Bombyx mori and Manduca sexta, a beetle, Tribolium castaneum, 
and a cockroach, Periplaneta americana. These standard brains will be useful for the 
comparison of neurons within species. Since insect brains are structurally similar, it 
may also be meaningful to generate interspecific mappings of the standard brains to 
allow comparison of neurons between species. 
Quantitative analysis of D. melanogaster neurons using non-rigid registration 
was successfully used to describe the fine structural organisation of the olfactory 
projection neurons (PNs) in the lateral horn (LH) (Datta et al., 2008; Jefferis et al., 
2007). We have extended this to analyse FruM neurons in the entire central brain and 
the VNC. With the aid of our visualization program, we hope to facilitate convenient 
and accurate comparison of neurons in the brain of D. melanogaster. 
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Genetic labelling of FruM neurons achieved using the FLP-in 
system  
 
There are several methods to genetically label fruM expressing neurons. A fru-
P1 promoter Gal4 fusion labels 1550 neurons in the male central nervous system 
(CNS) of which 21% colocalise with anti-FruM (Billeter and Goodwin, 2004). Two 
knock-in fruGal4 drivers, one that labels 3333 cells of which 51% are anti-FruM 
positive (Stockinger et al., 2005) and the other has not been characterised to this 
extent (Manoli et al., 2005). A P-element insertion in the fruitless locus, NP21, labels 
960 neurons in the brain of which 80% are anti-FruM positive (Kimura et al., 2008). 
All these methods label different proportions of fruM expressing neuron in the CNS. 
The colocalisation of labelled neurons with anti-FruM antibody varies significantly 
between these studies and one explanation is the lack of sensitivity of the antibody 
against low levels of endogenous FruM protein (Billeter and Goodwin, 2004). 
We observed approximately 900 anti-FruM positive cells in the CNS, which is 
40% to 50% below what is reported (Lee et al., 2000; Stockinger et al., 2005). 
Difference in antibody sensitivity and counting methods could be underestimating the 
true number of FruM positive neurons and account for this difference. The FLP-in 
system used in this study is able to faithfully label a large subset of FruM expressing 
neurons. This is reflected by the tight colocalisation of neurons labelled by fruFLP and 
nSyb-Gal4 and neurons labelled by anti-FruM antibody in all regions except the 
Kenyon cells of the mushroom body (MB), which do not stain with anti-FruM. FruM 
has not been reported in Kenyon cells at various stages of development (Lee et al., 
2000; Stockinger et al., 2005) although knock down of fruM transcripts in Kenyon 
cells causes defects in courtship learning (Manoli et al., 2005). Explanation include 
the level of FruM in Kenyon cells is too low to be detected with the existing types of 
anti-FruM antibodies or expression is restricted to a tight time window during 
development, which was not captured in previous experiments (Manoli et al., 2005). 
The number of neurons labelled by the FLP-in system is also approximately half of 
those labelled by fruGal4. Labelling in the FLP-in system could be limited to neurons 
strongly expressing FLP therefore failing to label some FruM neurons. Conversely, 
fruGal4 labels some neurons that do not express FruM. There is also less neurons 
labelled in females than males, which is not observed with fruGal4 labelled neurons 
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(Stockinger et al., 2005). Since the expression of nSyb-Gal4 is thought not to be 
dimorphic, these results suggest either FLP is expressed at a lower level in females or 
FLP is expressed in less neurons in females. It is possible that additional neuronal 
classes that express FruM are not labelled using the FLP-in system but in comparison 
to other systems, the amount of ectopic labelling is limited. 
The collection of Gal4 drivers vary in the number of classes they label. In a 
few cases, the overlap is restricted to one or two classes of neurons. Restricted overlap 
is desirable in functional studies since it allows the manipulation of a defined neuronal 
class. For most neuronal classes, restricted lines are not available. One future direction 
is to screen additional Gal4 lines for those that label these neuronal classes. 
The stochasticity of the FLP-in system is an important consideration. A given 
combination of Gal, fruFLP and reporter cassette can label a subset of the FruM 
neuronal population, there is variation on the exact number of neurons in the subset 
that is labelled between different samples. This variation is not random, unlike other 
FLP based systems such as MARCM. We imaged 5 samples of each tissue from each 
sex. This was sufficient in most cases to capture the expression pattern of the subset 
labelled by the combination. This is critical in behavioural studies where the 
behavioural phenotype of the individual will depend on the exact pattern of neurons 
labelled. The best solution is to dissect each animal and stain for the neurons labelled. 
Given the caveats, the FLP-in system can be successfully applied to 
genetically label different subsets of the FruM neuronal populations.  
 
Organisation of the courtship circuit 
 
Arborisations of FruM neurons form discrete domains in the CNS. Neurons 
that project to similar regions are likely to be connected to each other. Although we 
see colocalisation of arborisations, which is evidence for potential connections, at the 
current resolution of analysis we do not claim those neuronal classes are connected. In 
order to confirm connection between neurons, electron microscopy is necessary to 
image neuropil regions at synaptic resolution. Optical techniques based on 
reconstitution of split fluorescent proteins across synapses, GRASP, can also be used 
to demonstrate connection (Feinberg et al., 2008; Gordon and Scott, 2009). Even 
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without the knowledge of connectivity, the current map of the courtship circuit 
provides insight into the organization of the circuit. 
The execution of courtship behaviour requires the nervous system of the fly 
integrate sensory information, trigger the correct sequences of hard wired actions and 
instructions for muscles to carry out these actions. With this concept and the current 
knowledge of insect neuroanatomy in mind, it is possible to hypothesise the function 
of different parts of courtship circuit.  
The overall circuit could be divided into major parts, sensory processing, 
higher order integration, descending control and motor programs. Sensory processing 
encompasses both the primary sensory afferent neurons and the second order relays to 
higher brain centres. The regions involved in sensory processing are the antennal lobe 
(AL), the antennal mechanosensory and motor centre (AMMC), the subesophageal 
ganglion (SOG), the posterior ventral brain and the lobula. Projection neurons relay 
information from these regions to higher brain centres where integration takes place. 
These regions are the lateral protocerebral complex and the superior medial 
protocerebrum. After integration, descending connections to the ventral nerve cord 
(VNC) relay commands to the motor centres in the VNC to generate the final 
behavioural output. The following sections will elaborate on the functional 
organization of the courtship circuit. 
 
Sensory processing 
 
Olfaction 
 
The olfactory pathway in the fruit fly starts with the 1st order olfactory sensory 
neurons that deliver odour information to the antennal lobe (AL) (Stocker, 1994). 
These peripheral sensory neurons have cell bodies located in the antenna and the 
maxillary palp. The 2nd order neurons, or the olfaction projection neurons (PNs), then 
relay this information to the lateral horn (LH) in the lateral protocerebrum. 
Information between the 1st and 2nd order neurons is tuned by local interneurons 
within the AL (Olsen and Wilson, 2008; Shang et al., 2007). Both the 1st and 2nd order 
neurons in the olfactory pathway have a subclass that express fruM. The form labelled 
lines to higher brain centres. PNs connecting the cVA sensing glomeruli DA1 to the 
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LH do not undergo local integration with other odour in the AL (Schlief and Wilson, 
2007). In agreement with previous studies, we observed 1st and 2nd order olfactory 
neurons innervating the DA1 and VA1v glomeruli (Stockinger et al., 2005). Arbors of 
the FruM PNs observed in this study, lPN, are also localized to a discrete region in the 
ventral LH and separate from PNs relaying non-pheromone information (Jefferis et al., 
2007; Tanaka et al., 2004). Segregation of pheromone information is also a feature of 
the olfactory pathway in moths. PNs innervating the macroglomerular complex, a 
large male specific pheromone sensitive glomerulus, project to a different part of the 
lateral protocerebrum compared to those innervating the AL (Seki et al., 2005). These 
observations support the concept where courtship specific information is processed by 
spatially separated circuits in the brain. 
We also report a class of non-olfactory projection neurons, lAL, that forms 
diffuse innervations in the AL. These are morphologically different to olfactory PNs 
and project to the posterior medial protocerebrum and not the LH. These are unlikely 
to be involved in the olfactory pathway but are instead similar morphologically to 
temperature sensitive TRPA1 neurons (Hamada et al., 2008). Functionally, lAL 
neurons could be involved in temperature sensing, which has not been shown to be 
important to courtship in D. melanogaster. Temperature is an important factor for 
courtship behaviour of some species, such as crickets and moths, since it causes 
changes in the property of acoustic signals (Greenfield and Medlock, 2007; Pires and 
Hoy, 1992a; Pires and Hoy, 1992b). These species have neural mechanisms to 
compensate for the changes in temperature in a process called temperature coupling. 
D. melanogaster can also mate over a wide temperature range, between 18°C and 
30°C. The acoustic properties of song also varies with temperature (Shorey, 1962).  It 
is possible lAL neurons are components in the temperature coupling pathway.  
Taste 
 
FruM neurons have been reported among sensory neurons located in the 
proboscis and the forelegs and are suspected to be gustatory receptor neurons (GRNs) 
(Manoli et al., 2005; Stockinger et al., 2005). In the current work, sensory neurons 
were detected in the forelegs (Fig. S2B) of both sexes but not in the proboscis.  
Two classes of GRNs are implicated in courtship. The male specific GR68a is 
required for initiation (Bray and Amrein, 2003) while GR32a is required for sex 
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discrimination (Miyamoto and Amrein, 2008). Both are expressed in the forelegs but 
only GR32a is expressed in the proboscis. The major neuropil region innervated by 
GRNs is the SOG (Wang et al., 2004). In the SOG, GR32a axon terminals are located 
in the anterior region (Miyamoto and Amrein, 2008; Wang et al., 2004) in close 
proximity to the SOG complex described in the current study (Fig. 4B and C). 
Neurons innervating in this zone are likely to be projection neurons that relay taste 
information to higher brain centres like the lateral protocerebral complex and the 
superior medial protocerebrum. 
One courtship step is proboscis extension by the male to contact the female 
genitalia. This motor program is also executed in response to food stimuli. 
Motoneurons powering the muscles of the proboscis are required for extension and 
have been described in the blowfly (Getting, 1971), honeybee (Rehder, 1989) and the 
fruit fly (Gordon and Scott, 2009). These neurons have large cell bodies lateral to the 
SOG, superficially innervate the ventral region of the SOG and exit the brain via the 
maxillary nerve. A morphologically similar neuronal class was also observed in the 
current study (Fig. S4A 84).  
The ventral domain of the prothoracic segment in the VNC (Fig. 4A) receives 
extensive afferent innervation from the forelegs. In certain Diptera species, this region 
contains both tactile and chemosensory afferent projections. Mechanosensory 
afferents occupy the outer rim of this region while gustatory afferents project centrally 
(Murphey et al., 1989; Smith and Shepherd, 1996). Innervation of the ventral domain 
of the prothoracic segment observed in this study is likely to originate from gustatory 
afferents because it occupies a central position in the prothoracic segment as opposed 
to mechanosensory afferents, which are located in the periphery of this region. This 
region is also innervated by short arbours from many ascending projection neurons 
from the Ab region. These ascending projection neurons could relay taste information 
to the ventral ring and the lateral junction of the brain. 
Vision 
 
fruM expressing neurons in the visual pathway have been reported previously 
(Kimura et al., 2008; Kimura et al., 2005; Stockinger et al., 2005). We observe several 
classes of neurons projecting to the lobula, an important neuropil region in the optic 
lobe for visual processing. Some classes of neurons closely resemble those found by 
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Otsuna et al. (2006), and we have tentatively adopted their nomenclature, because 
they are likely to be identical (Otsuna and Ito, 2006). The importance of vision for 
courtship behaviour in D. melanogaster is arguable, since flies are able to court and 
mate in the dark (Stockinger et al., 2005). In the absence of visual information, males 
use olfactory cues to locate the female making vision a redundant sense. The visual 
projection neurons observed in this study have two main target sites, the posterior 
brain (V) and the lateral ring. These regions are also arborised by descending 
projection neurons, which could integrate information from visual pathways. Visual 
acuity is more important in acrobatic Diptera species that court in the air. These 
species have male specific visual projection neurons tuned to small spots in the visual 
field, presumably representing the courted object (Barnett et al., 2007; Gilbert and 
Strausfeld, 1991). Arbors of some classes of these neurons are located in the dorsal 
lobula (Gilbert and Strausfeld, 1991), which is also where arbours of LC14 are located. 
This region could still be involved in D. melanogaster courtship behaviour. 
Higher centres for visual processing include the optic tubercle (OT). Although 
there are visual projection neurons innervating the OT (Otsuna and Ito, 2006), none 
were observed in this study. However, vlOT occupy a distinct zone in the anterior 
region of both OTs and could be involved in coordinating visual information from the 
two hemispheres.  
 
Mechanosensation 
 
The major mechanosensory regions involved in courtship are likely to be the 
Johnston’s organ and the male tactile bristles in the genitalia. Courtship song is 
important in successful courtship and the relevant mechanosensory neurons in the 
Johnston’s organ have been mapped (Kamikouchi et al., 2009; Kamikouchi et al., 
2006; Yorozu et al., 2009). These Johnston’s organ neurons (JONs) are stretch 
receptor neurons that project to a region of the brain lateral the SOG called the 
antennal mechanosensory and motor centre (AMMC), the primary processing centre 
for mechanosensation in the brain. We observe infrequent labelling of JONs terminals 
in the AMMC, (Fig. S4A 10). A class of candidate neurons that relay information 
from JONs to higher order integration regions is lmcAL, which innervated the lateral 
rim of the AMMC and projects to ventral ring. The lateral rim is a region receiving 
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information from courtship song sensitive JONs (Kamikouchi et al., 2009; Yorozu et 
al., 2009). A class of descending projection neuron (Fig. S4A 81) bilaterally 
innervates the AMMC and directly descends into the VNC. This direct projection 
from the AMMC to the VNC without the involvement of higher brain centres has 
been reported in the mechanosensory pathway in the cockroach (Fig. 9 (Okada et al., 
2003)). A direct connection between sensory and motor control is required for fast 
response to a sensory stimuli. Courtship song may be a specific stimulus that requires 
little processing and integration to produce a behavioural output. 
Mechanosensory neurons are also present in the clasper and the anal plate of 
the male genitalia, which project to the abdominal segment of the VNC (Taylor, 1989). 
These could be needed to detect the state of copulation.  
Additional afferents are seen in the anterior dorsal mesothoracic nerve 
(ADMN) and the haltere nerve (HN) (Fig. S4A 57). These are likely to be 
mechanosensory based on the morphology of their projections (Smith and Shepherd, 
1996). The haltere afferents appear to ascend into the brain and are reported to 
terminate in the SOG (Smith and Shepherd, 1996). These could either be involved in 
sensing acoustic stimuli or be involved in feedback of self-generated song in males. 
 
Higher order integration 
 
The combination of sensory stimuli received by a male is what triggers 
courtship behaviour. This is not just any combination of stimuli but a distinct mixture 
that is evaluated to be correct by the nervous system. It is clear that at the sensory 
level, dedicated classes of neurons or “channels” are tuned to detect specific stimuli 
important for courtship, although not all stimuli necessary for courtship are known. 
Specific classes of olfactory and gustatory sensory neurons are sensitive to pheromone 
cues (Bray and Amrein, 2003; Kurtovic et al., 2007; Miyamoto and Amrein, 2008) 
and specific classes of  mechanosensory neurons of the Johnston’s organ are tuned to 
the frequency of the courtship song (Kamikouchi et al., 2009; Yorozu et al., 2009). At 
the sensory level there is already filtering of stimuli present the environment to those 
important for courtship. This filtered information is delivered to higher brain centres. 
An important component of the circuit must constantly evaluate information from 
sensory channels and compare them to a predefined template. In a normal male, this 
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template is the representation of the female. If the combination of sensory information 
matches that of the template, courtship is triggered. The template may be a neuron or 
neurons that is or are activated only when they receive the correct inputs at the correct 
intensity from the sensory modalities.  
The region likely to be involved in higher order sensory integration is within 
the lateral protocerebral complex. This large complex receives projections from all the 
sensory modalities. Olfactory information is relayed to the LH, which is closely 
connected to the vlPr by a group of neurons in the dorsal lateral brain. This 
connection has been proposed previously (Tanaka et al., 2004). Information from the 
taste centres in the SOG is relayed to the lateral junction and also the medial superior 
regions of the brain. Visual and mechanosensory information appear to be sent to the 
ring. The arch is a dense arborisation tract that connects the two hemispheres 
suggesting communication between the two hemispheres is important. These regions 
are all connected with the ring, which is likely to be a site where evaluation of sensory 
information takes place.  
Experience dependent modulations 
 
Not all females are receptive to the male’s courtship. Females that have mated 
actively reject courting males (Connolly and Cook, 1973). Males paired with rejecting 
females subsequently court virgin females less vigorously (Siegel and Hall, 1979). 
These males have learned to associate a cue from the rejecting females with rejection. 
Pheromones have been implicated as the stimuli males use to differentiate the mating 
status of the female (Ejima et al., 2005; Siwicki et al., 2005). In the olfactory pathway, 
PNs connect to Kenyon cells in the calyces of the MB. These Kenyon cells project to 
the MB lobes. Only γ-lobes projections have been observed in this study and there is 
evidence for their requirement in courtship learning (Keleman et al., 2007; Manoli et 
al., 2005). We have found a class of neurons, mbSN-1, that specifically innervate a 
region at the medial terminal of the γ-lobes of the MB. mbSN-1 are likely to be the 
MB extrinsic neuron MB-M3 described by Tanaka et al. (Tanaka et al., 2008). It is 
plausible that mbSN-1 is a component in the pathway that delivers experience 
dependent signals to downstream circuit components.  
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Descending projection neurons 
 
Descending neurons have cell bodies in the brain and relay information from 
the brain to the VNC. These neurons may carry integrated information from the brain 
and activate motor circuits in the VNC. Complex behaviour could be explained by 
combinatorial activation of multiple discrete pattern generators in the VNC by 
different descending neurons. Gronenberg and Strausfeld (1990) grouped descending 
neurons into three types. The first type triggers motor activity, like the giant fibre 
neuron involved in activating motor neurons for escape response (King and Wyman, 
1980). The second initiates and maintains motor activity like the descending neurons 
in the lateral protocerebrum that elicit stridulation, or singing with the hindlegs, in 
crickets (Hedwig, 1994). The third modulates motor activity, such as descending 
neurons that adjust motoneuron firing during flight (Gronenberg and Strausfeld, 1990; 
Strausfeld and Gronenberg, 1990). Similarly, the distinct steps of courtship behaviour 
could be triggered by combinations of descending projection neurons in the 20 FruM 
descending fascicles (Clyne and Miesenbock, 2008). We also observed several classes 
of descending neurons. The best characterized descending neuronal classes in this 
study are the mMb-d and the lP-3.  
The mMb-d class arborise around the entire ring in the brain and project to the 
anterior dorsal complex and the dorsal metathoracic segment in the VNC. The anterior 
dorsal complex overlaps with the motoneuron vPrM2-l, which most likely innervates 
the direct flight muscles, B3 and B4 (Rideout et al., 2007). The mMb-d could thus be 
involved in activating motor circuits involved in singing. Singing occurs in short 
bouts and alternates between sine and pulse songs. Clyne and Miesenböck (2008) 
proposed two types of descending neurons are involved in generating song. These fall 
into the second and third descending neuron classes mentioned previously. A 
descending neuron belonging to the second class activates the song pattern generator 
and is active for the duration of the song while song type is selected by the third class 
that modulates the pattern generator to switch between the song types. These remain 
to be identified. 
The arborisations of lP-3 descending neurons are more widespread. These 
arborise in the ring and the posterior brain then travel along a lateral tract in the dorsal 
VNC and innervate all three segments of the VNC.   
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The projections of other descending neuronal classes, aSP3-4, mMb-c and lP-
3-1, in the VNC could not be resolved. There were also classes of descending neurons 
that could not be reproducibly labelled (Fig. S4A 90). 
 
Motor circuits 
 
Many steps of courtship, such as orientation and following are also performed 
during non-courtship behaviours. They are likely to be controlled by general 
locomotor programs. However, courtship song production is specific to courtship. It is 
more likely to be controlled by dedicated motor programs. Courtship song consists of 
two types of vibrations, sinusoidal waves and pulses. These are generated by the 
wings and movement of the wing during song production is controlled by both direct 
and indirect flight muscles (DFM and IFM) (Ewing, 1977; Ewing, 1979). The indirect 
flight muscles are thought to power the wings while the DFMs provide fine control 
required for pulse and sine song (Ewing, 1979). Neuronal control of song generation 
is thought to be carried out by dedicated central pattern generators (CPGs). CPGs are 
neuronal networks that generate rhythmic outputs even without sensory input (Marder 
et al., 2005). The song CPG generates song specific patterns to instruct motoneurons 
innervating the DFMs and IFMs. There is evidence to suggest the song CPG resides in 
the VNC since activation of fruGal4 neurons in the thorax alone can trigger song 
production (Clyne and Miesenbock, 2008). 
Some classes of DFM motoneurons (DFMNs) (Trimarchi and Schneiderman, 
1994) and IFM motoneurons (IFMNs) (Ikeda and Koenig, 1988) have been 
characterised. In this study, the motoneuron vPrM2-l is morphologically similar to the 
DFMNs but could not be definitively assigned to one of the classes. The dendritic 
field of vPrM2-l is closely located in posterior end of the anterior dorsal complex. The 
anterior dorsal complex is a candidate for the CPG because it receives descending 
projections, possibly commands, from the brain; is richly arborised by local 
interneurons, which may modulate the pattern generated; and overlaps with arbours of 
DFMNs and IFMs. The CPG appears to be present in both sexes since activation of 
FruM neurons in the thorax of both sexes gives rise to song-like wing movements, 
although the induced song is abnormal in females (Clyne and Miesenbock, 2008). The 
difference in song output is attributed to structural differences in the central pattern 
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generator between the sexes. The anterior dorsal complex is seen in both sexes 
although significantly weaker in females (Fig. S2A). This again supports the idea of 
the anterior dorsal complex being the central pattern generator because the observed 
difference in structure could explain why females generate abnormal songs. 
Abdominal curling in males is another courtship specific action. This is likely 
to be controlled by motoneurons innervating the abdominal muscles. The origin of 
these motoneurons is unclear. 
 
The current work suggests FruM neurons form a “courtship circuit” in the brain. 
Neurons belonging to this network are found in all stages of network, from sensory 
perception, integration to motor output. It is also interesting that the number of 
neurons from sensory input to motor output can be as few as 5. A hypothetical 
pathway would link the olfactory afferents, via the olfactory PNs, aSP3-1a, to the 
descending neuron lP-3, the motor neuron vPrM2-l and the flight muscle. This 
suggests information is efficiently transformed through a chain of a few neurons.  
 
Where does the difference lie? 
 
Another key question is what features of the circuit are different in males and 
females. D. melanogaster males and females are exposed to the same sensory stimuli 
but the behaviour response of each sex is different from the other. Initial observations 
on the similarities between the FruM circuit in males and females lead to the idea that 
different behaviour output results from functional rather than structural differences in 
the circuit (Manoli et al., 2005; Stockinger et al., 2005). Subsequently, subtle 
dimorphisms have been revealed (Datta et al., 2008; Kimura et al., 2008; Kimura et al., 
2005). These are the olfactory projection neurons, the candidate gustatory projection 
neuron mAL, and the pSP2-1. The first two are involved in sensory processing. There 
are differences in the sensory processing pathway in other insects. The olfactory 
pathway of moths is structurally configured in a sex dependent manner, where only 
males possess the macroglomerular complex that is involved in pheromone sensing. 
In certain Diptera species, a part of the male visual system is specialised for tracking 
small moving objects. Differences in the early sensory pathways means the higher 
order integration centres already receive information that is filtered in a sex-specific 
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manner. This has been observed in mice, where females are fully able to display male 
behaviour but male behaviour is normally suppressed by the female olfactory pathway 
(Kimchi et al., 2007). These lines of evidence argue for differences in the types of 
information received by each sex at the sensory level.  
The other sexual dimorphism identified in FruM network is the P1 neuronal 
class, or pSP2-1 in this study, and it is likely to be higher up in the sensory integration 
hierarchy. This class of neurons is absent in females and present in males and could 
serve as a critical link between sensory input, evaluation and integration. This 
supports another model where the male and female brain differs largely in a few 
critical switches where integration occurs. The absence of these switches in females 
means downstream motor programs are not activated. These switches could be 
developmental or temporal. The latter is the case with certain coral fish, where the 
sexual behaviour of the fish can alternate between male and female depending on its 
social surroundings (Shapiro, 1980). Question of whether the important difference in 
the D. melanogaster brain lies in early sensory processing or in sensory integration 
remains to be answered. 
 
Conclusion 
 
To understand how a nervous system transforms sensory information to 
behaviour output, it is crucial to know its components. The simplicity of the 
invertebrate nervous system makes it ideal for a systems level analysis of its 
components. The nervous system of Caenorhabditis elegans has been reconstructed at 
synaptic resolution (White et al., 1986). Every component in the system is known and 
this knowledge has aided the study of the function of its nervous system.  
The ability to genetically and reproducibly manipulate different classes of 
neurons within a nervous system is essential to investigating the role of these neurons 
or components in the circuit. This work has revealed the components of the fruit fly’s 
“courtship circuit” and how they are organised in the brain. The next step is to use the 
same genetic system to manipulate the components functionally.  The “courtship 
circuit” in D. melanogaster is therefore an opportunity to have a systems level 
mechanistic understanding of a neuronal circuit that controls a specific behaviour. 
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Materials and methods 
 
Generation of fruFLP 
 
The fruFLP allele was generated by homologous recombination using the 
“ends-in” technique (Rong and Golic, 2000). The targeting construct contains the 
genomic region surrounding the S-exon of fruitless with the entire S-exon replaced by 
flp recombinase cDNA. The targeting procedure introduces a duplication targeted 
locus containing extra sequence from the homology region and a mini-white marker at 
the. The duplication was removed by Cre mediated double strand repair. Candidates 
were screened by single fly PCR for the presence of flp in the fruitless locus (forward: 
CGTTTAGTCAGAGGCAATCGGTGGCTATAAAAATGCT, reverse: 
CTGTGGCTATTTCCCTTATCTGCTTCTTCCGAT) and the absence of the S-exon 
(forward: CGTTTAGTCAGAGGCAATCGGTGGCTATAAAAATGCT, reverse: 
ATGCGGGCGGAAGCGGAAGC ). The cleaned allele, referred to as fruFLP was 
verified again by PCR against the S-exon and by immunohistochemistry against FruM. 
 
FLP-in constructs 
 
To generate FLP-in constructs, a fragment containing wildtype FRTs flanking 
two tandem transcription termination sequences SV40 3’ UTR and tubulin 3’ UTR 
(Stockinger et al., 2005), was cloned into UAS-reporter constructs. 
UAS>stop>tauLacZ, UAS>stop>TxTe, UAS>stop>TxTe inactive are insertions on 
chromosome II (Stockinger et al., 2005) UAS>stop>mCD8GFP and 
UAS>stop>nLacZ are insertions into an attP landing site on the second chromosome 
(19a1). Table S1 summarise the reporter constructs generated. 
The initial FLP-in reporter constructs were made using random P-element 
transgenesis. These constructs are inserted in different locations in the genome. Due 
to differences in local chromatin structure around each insertion site, each site may 
vary in its ability to allow FLP mediated recombination (Ahmad and Golic, 1996) 
and, afterwards, in the level of reporter expression (Phelps and Brand, 1998). To 
overcome these issues, we adopted the site-directed transgenesis method (Groth et al., 
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2004) to insert all subsequent reporter constructs in the same location on the second 
chromosome.   
Subsets of FruM neurons are marked by crossing flies carrying the reporter 
cassette and fruFLP to various Gal4 lines. Although the reporter cassette and fruFLP 
were maintained in the same fly, there was not spontaneous excision of the stop 
cassette in the germ line over many generations of culture. 
 
Screening of Gal4 lines 
 
We screened a collection of 1187 Gal4 lines using the FLP-in system for 
overlap with FruM neurons. These Gal4 were random insertions in the genome and 
half were preselected for expression in the CNS. We crossed flies carrying fruFLP 
UAS>stop>tauLacZ to various Gal4 drivers on chromosome II and III. The overlap 
was labelled using Tau-β-galactosidase, which labels the projections of neurons and 
can be quickly visualised using X-gal staining. Each line was scored for staining in 
broadly divided regions of the brain. 363 Gal4 lines were positive in the initial screen 
and we chose to analyse in detail 118 lines that showed restricted overlap. We used 
immunohistochemistry and confocal imaging to visualize the overlap at cellular 
resolution. Two markers were used to label neurons, tau-β-galactosidase to strongly 
label neurites and mCD8GFP to label both projections and arborisations. Given the 
inherent stochasticity of FLP in this system, we dissected 5 brains and 5 ventral nerve 
cords (VNCs) of each sex for every Gal4 line to obtain a representation of the classes 
of FruM neurons labelled by the Gal4 line.   
 
Immunohistochemistry 
 
Fly brain and VNC were separately dissected (between 4 to 5 days after 
eclosion) in PBS and fixed using 4% paraformaldehyde in PBST (PBS with 0.3% 
Triton X-100) for 20 minutes at 22°C. After washing in PBST, the tissues were 
blocked in 10% normal goat serum in PBST for a minimum of 2 hours. The primary 
antibody and secondary antibody were incubated for 48 to 72 hours at 4°C. The 
tissues were washed overnight at 4°C between the primary and secondary antibody 
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incubations. After the secondary incubation, samples were washed overnight at 4°C 
and for a further 6 hours at room temperature before mounting in Vectashield 
(VectorLabs). Long incubation times were necessary to ensure homogenous staining, 
which is crucial for successful registration. See supplemental methods 1 for details. 
Antibodies used were: rabbit polyclonal anti-GFP (1: 6000, Torri Pines); 
mouse nc82 (1:20, Hybridoma Bank); mouse monoclonal anti-β Gal (1:1000, 
Promega); rabbit polyclonal anti-β Gal (1:3000, Cappelle) preabsorbed with w1118 
embryos; rabbit anti- FruM (1:6000, (Stockinger et al., 2005)), secondary Alexa-488, -
568, -633 antibodies (1: 500, Invitrogen). 
 
Confocal microscopy 
 
Tissues were scanned using a Zeiss LSM 510 with a Zeiss Multi Immersion 
Plan NeoFluar 25X/0.8 objective. On average 5 sets of the central nervous system 
were imaged for each Gal4 line. 80% of prepared samples had sufficient intact 
structure and were homogenously stained and were selected for scanning. Scanning 
parameters were set to image the central brain or the entire ventral nerve cord within 
20 minutes, a detailed protocol is found in the supplemental methods 2. Images were 
taken at 768 X 768 pixels and 165 slices at 1µm interval. A macro plug-in was used to 
automate the scanning process. 
 
Registration 
 
The non-rigid registration algorithm from Jefferis et al. (Jefferis et al., 2007) 
was used to register brain and VNC images. Registration was done on a duo-core 
PowerMac. Images of neuropils were registered against the template tissues. 
Subsequent registration parameters were applied to the corresponding image channel 
containing the neuron staining. No pre-processing was done to the raw image data 
except for rotation of the image by 90 degrees or inverting the stack in ImageJ to 
match that of the template.  
The template tissues were made by registering a selection of neuropil images (64 
brains and 58 VNC) against seed neuropil images (4 brains and 3 ventral nerve cords). 
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The seed image that had the most successfully registered images was used to generate 
the template by averaging the registered images (54 brains and 37 ventral nerve cords) 
from that seed image. The seed images for the brain and VNC were male. 2 of the 
images used to generate the standard brain were female. All images used to generate 
the standard VNC were male.    
Registration was verified manually with ImageJ by superimposing the neuropil 
channel of the registered image against the template. A registered image was judged 
to be successful if its internal and external anatomical features, including neuropil 
boundaries and tracts, match the template. Registration success rate was 61.5% (1371 
out of 2229 images). 
 
Standard tissue regions 
 
The standard neuropil regions were segmented manually according to the 
current nomenclature system (Otsuna and Ito, 2006; Power, 1948) (Fig S3). The only 
difference between the current nomenclature system and our segmentations is the 
posterior brain, which we divide into the medial, M, and ventral, V, region. This is 
due to the absence of identifiable boundaries in our standard tissue to distinguish 
between the posterior regions described in Otsuna and Ito (2006). 
 
Classification of FruM neurons 
 
To determine the classes of FruM neurons labelled using the FLP-in system, 
we first classified neurons in a large FruM subset labelled by the G314 Gal4 driver. 
Classification is based on the position of the cell body and the projection of the 
primary neurite into the neuropil. Subsequently, each Gal4 line was scored for 
labelling of each of these classes (Table S4). During this process, additional neuronal 
classes not labelled by G314 were identified and existing classes were further 
subdivided where necessary. 
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Image processing and segmentation 
 
After registration, some images were processed to reduce noise using the 
remove outlier or background subtraction functions in ImageJ. Amira (Visage 
Imaging) was used to segment features of each neuronal class. 
The location of the cell bodies was segmented from averaged images of each 
Gal4 line. Average images were generated from a minimum of 2 registered images 
using the merge function in Amira. The cell body regions are representations of the 
typical location of a class of neuron and were segmented from one average Gal4 
image. The actual location of the cell bodies for a class of neurons varies around the 
specified region.  
The arborisations are more stereotyped in location compared with the location 
of cell bodies. The arborisations were segmented from mCD8GFP labelled samples, 
either images or average images, using a threshold to include arborisation regions of 
interest. Incorrectly thresholded regions were manually removed. After the desired 
region is selected, smoothing of the selection was done by performing two rounds of 
grow and shrink operations. A surface of the region was generated with the 
constrained smoothing method. An edge detection filter (sobel) was sometimes used 
to better define the boundaries of arborisations before segmentation.  
The neural projections were traced from individual images using the 
skeletoniser plug-in for Amira (Evers et al., 2005). The trace was smoothed and the 
diameter of the trace was fitted according to signal intensity. 
Cell quantification 
 
The number of cell bodies was quantified using the Spot Counter function in 
Imaris (Bitplane) using a cell diameter value of 3µm. Brain or VNC was divided into 
8 or 4 regions respectively and cell numbers from each region were then summed. 
Expression pattern of Gal4 lines 
 
The expression pattern of Gal4 lines were summarised using average images 
of each Gal4 line. The neuronal markers were mCD8GFP and tauLacZ. For each 
cluster, expression was classified as 0, no expression; 1, some neurons or weak 
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expression; and 2, numerous or strong expression. If no registered images were 
available, 3 original confocal images of the failed registrations were used, unless 
otherwise stated. 
 
Visualisation software 
 
BrainGazer 1.0 was conceived to allow user-friendly exploration of the large 
amount of mixed visual data. This task was done in collaboration with the Centre for 
Virtual Reality and Visualization Research Ltd. (VRVis). 
Data management 
 
Initially a Microsoft Access database was designed to manage all aspects of 
workflow from filing microscope slides to tracking images through the registration 
process. This was further extended and converted into a server based PostgreSQL 
database to allow user and visualization software access to a common database. 
Microsoft Access remained as the data entry interface, with minor modifications, 
since it allows convenient user access to the server database.  
User interface 
 
The BrainGazer user interface allows the user to retrieve data using selections 
of different data groups (Fig S6). The interface converts the selections into queries for 
the database and loads data for the results from a user-define storage location. The 
results are visualized using the rendering engine VolumeShop (Bruckner and Gröller, 
2005).  
The components of the program are modular and can be adapted to different 
user applications. We decided to couple the user interface and the rendering engine to 
two different database types, one that queries the server database and a second version 
that queries a portable SQLite database. The server version is designed to provide up-
to-date data content for internal use. The SQLite version relies on a portable, self 
sufficient database as a stand alone program for a discrete dataset for release to the 
public. The public program is designed to be downloaded as modules that include the 
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BrainGazer program and different data packages depending on the need and the 
system capacity of the user. 
Visualisation 
 
BrainGazer has two main modes of display, a 3D interactive mode and a 2D 
cutting plane mode to explore data in slice view. The three data types for each 
neuronal class need different visualization methods to effectively show their structure.  
The location of the cell bodies, the arborisations, the neural projections and the 
standard tissue regions are surface rendered. Registered confocal images are volume 
rendered.  
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Text accompanying figures and tables 
 
Main figures 
 
Figure 1. The fruFLP allele.  
(A) The coding sequence of FLP recombinase replaces the entire S-exon of the fru 
locus. (B) Male and female brains and ventral nerve cords (VNCs) of flies expressing 
nSyb-Gal4∩fruFLP::nLacZ were stained for FruM (green) and β-Gal (magenta). Both 
channels were overlayed to show colocalisation of nuclei (white). The number of 
nuclei is indicated for each panel. Scale bar 50µm. 
 
Figure 2. Summary of neuronal classes identified in the CNS.  
(A) The anterior brain. (B) he posterior brain. (C) The ventral VNC. (D) The dorsal 
VNC. The location of the cell bodies are represented by a group of three spheres and 
do not indicate the number of neurons in the cluster. The red arrow represents the path 
of the primary neurite of each neuronal class as they enter the neuropil. A detailed 
description of each neuronal class is provided in table S4. 
 
Figure 3. Major FruM arborisation domains in the brain. 
(A) Major FruM arborisation densities in the brain. Image is an average of 3 nSyb-
Gal4∩fruFLP::mCD8GFP male brains with transparency adjustment to preferentially 
show arborisation densities. The lateral protocerebral complex forms the major 
arborisation domains in the superior protocerebrum and is enclosed in dotted red 
lines. The lateral protocerebral complex consists of the arch, the lateral junction, the 
lateral horn (LH), the ring and the ventral lateral protocerebrum (vlPr). The other 
major arborisation regions are enclosed in dotted black lines and are the mushroom 
body gamma lobes (MB γ), the superior medial protocerebrum (smPr) and the 
subesophageal (SOG) complex. (B-V) Slice views of the arborisation domains with 
outlined arborisation. Slices are chosen to intersect regions of interest. The text refers 
to arborisation of neuronal classes. The “f” after the neuronal class names refers to 
female arborisation. Reference brain regions are indicated where applicable. The 
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major brain arborisation domains are: anterior SOG (B and C), AL (D), AMMC (E), 
posterior ventral (F), vlPr (G to J), lateral junction (K), OT (L), MB (M and N), 
superior medial Pr (O to R), Ring (S to U), Arch (V and W), anterior lobula (X) and 
posterior lobula (Y) of the optic lobe. (B-Y) Images were generated with BrainGazer 
1.0. 
 
Figure 4. Major FruM arborisation domains in the VNC. 
(A and B) Major FruM arborisation densities in the ventral anterior VNC (A) and 
dorsal VNC (B). Images are averages of 4 nSyb-Gal4∩fruFLP::mCD8GFP male VNCs 
with transparency adjustment to preferentially show arborisation densities. The major 
arborisation domains in the ventral prothoracic segment (A) and dorsal VNC (B) are 
enclosed in dotted red lines. (C-P) Slice views of the arborisation domains with 
outlined arborisations. Slices are chosen to intersect regions of interest. Text refers to 
the arborisations of neuronal classes. The “f” after the neuronal class names refers to 
female arborisation. Reference VNC regions are indicated where applicable. The 
major VNC arborisation domains are: anterior Prt (C), ventral Prt (D), dorsal Prt (E to 
G), ventral wing (H), dorsal wing (I), ventral Ms (J), dorsal Ms (K and L), ventral Mt 
(M), dorsal Mt (N), ventral Abd (O) and dorsal Abd (P). Abbreviations: Prt, 
prothoracic segment; Ms, mesothoracic segment; Mt, metathoracic segment; and Abd, 
abdominal segment. (C-P) Images were generated with BrainGazer 1.0.  
 
Figure 5. Map of FruM neurons in the CNS. 
The brain is shown in the upper panel and the VNC in the lower panel. Each neuronal 
class is shown as a circle, following the colour scheme in Fig 2. Neurite connections 
are shown as lines. Arborisations are shown as rectangles enclosing a reference 
number for the segmented region. The arborisations of males are in green while 
females are in pink. Question marks indicate cases where the exact arborisation within 
the region is unknown. The regions of the neuropil are shown in grey, named 
according to table ST2 where applicable. Subdivisions of an existing region are 
indicated by small letters within dark grey regions: a, anterior; d, dorsal; l, lateral; m, 
medial; and v, ventral. 
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Supplemental figures 
 
Figure S1. Verification of the fruFLP allele.  
(A to C) Brains of male w1118 (A), heterozygous fruFLP (B) and homozygous fruFLP (C) 
flies stained against FruM (green) and the neuropil with nc82 (magenta).  (D to G) 
Dorsal abdominal muscles labelled with rhodamine-phalloidin to show the muscle of 
Lawrence (MOL) in male w1118 (D), female w1118 (E), male heterozygous fruFLP (F) 
and male homozygous fruFLP (G) flies. MOL is indicated with a red triangle and the 
absence of MOL is indicated with a red circle. 
 
Figure S2. Projections of FruM neurons in the CNS and periphery.  
 (A) Male and female brains and VNCs of flies with nSyb-Gal4∩fruFLP::mCD8GFP 
were stained for GFP (green) to show neuronal cell bodies and projections and with 
nc82 to show the neuropil (magenta). Both channels were overlayed. Scale bar 50µm.  
(B) Peripheral neurons labelled with nSyb-Gal4∩fruFLP::tauLacZ in the antennae of 
males (1) and females (4), forelegs of males (2) and females (5) and genitalia of males 
(3). In the male genitalia, the upper arrow points to the anal plate while the lower one 
to the claspers. Neurons were visualized with X-gal staining. Scale bar: antennae 
100µm, forelegs 250µm and genitalia 50µm. 
 
Figure S3. Reference tissue with segmented standard regions. 
(A) The reference brain. (Top) Surface rendering of the different regions of anterior 
(left) and posterior (right) brain. (Bottom) Volume rendering of the anterior (left) and 
posterior (right) brain with internal neuropil regions displayed. (B) The reference 
VNC. (Top) Surface rendering of the different regions of the ventral (left) and dorsal 
VNC (right). (Bottom) Volume rendering of the VNC as viewed from the ventral 
(left) and dorsal (right) sides. Names of regions are adapted from (Otsuna and Ito, 
2006) for brain and (Power, 1948) for VNC. A list of abbreviations is provided in 
table S2.  
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Figure S4. Neuronal class images. 
(A) Images of registered brain or VNC where features of the neuronal class of interest 
are indicated by pointers. Unregistered images are noted. In registered confocal 
images, the reference tissue is shown in magenta and the neurons are in green. 
Neurons are immunostained against tau-β-galatosidase or mCD8GFP. The Gal4 line 
used is indicated in each panel. The sex of the tissue is indicated above each column. 
Accompanying registered confocal images are images showing traces of the neurons 
of interest. The reference tissue is shown in grey while the neurite trace is in red. The 
cell body location is shown as 3 spheres but they do not represent the number of 
neurons. Arborisations are shown, where available, as surfaces. Male arborisations are 
in green and female arborisations are in pink.  
(B) Detailed illustration of subesophageal ganglion (SOG) neurons. (1) The SOG is 
indicated in red. (2) Tracings of different types of SOG neurons (SOG1-8) are shown 
as viewed from the front and side. The location of the cell bodies are represented by 
yellow spheres and do not indicate cell numbers. 
 
Figure S5. Summary of Gal4 labelling. 
(A) Summary of FruM neuronal classes labelled with different 
Gal4∩fruFLP::mCD8GFP 
(1) A graph of the number of neuronal classes (in bins of 5) labelled by different Gal4 
lines. Males (solid bar) of 43 Gal4 lines were counted (median=16). Females (empty 
bar) of 41 Gal4 lines were counted (median=15).  
(2) A plot of number of neuronal classes labelled in the brain against those in the 
VNC for Gal4 lines in (1). Correlation was insignificant, R2=0.00 for males (black 
circle) and R2=-0.01 for females (empty circle). 
(B) Summary of FruM neuronal classes labelled with different Gal4∩fruFLP::tauLacZ 
(1) Graph of the number of neuronal classes (in bins of 5) labelled by different Gal4 
lines. Males (solid bar) of 72 Gal4 lines were counted (median=37). Females (empty 
bar) of 37 Gal4 lines were counted (median=25).  
(2) Graph shows a plot of number of neuronal classes labelled in the brain against 
those in the VNC for Gal4 lines in (1). Correlation was insignificant, R2=-0.025 for 
males (black circle) and R2=-0.063 for females (empty circle). 
(C) Comparison of FruM neuronal classes labelled by Gal4 lines in males and females. 
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(1) Graph of the number of neuronal classes (in bins of 5) labelled by 37 
Gal4∩fruFLP::tauLacZ for which both males and females were counted. Male (solid 
bar) median=34, female (empty bar) median=25.  
(2) Graph of the number of FruM neuronal classes (in bins of 5) labelled by 39 
Gal4∩fruFLP::mCD8GFP for which both males and females were counted. Male 
(solid bar) median=15, female (empty bar) median=15. 
 
Figure S6. Summary of the visualization workflow.  
Microsoft Access is used as an interface to enter data into the server based 
PostgreSQL database. The visualization and user interface, BrainGazer 1.0, has view 
panels that allow the user to select items. The program queries the database and 
retrieves the data from a defined location. 
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Supplemental tables 
 
Table S1. List of constructs made for the FLP-in system 
 
Table S2. List of standard neuropil names for Figure S3. 
 
Table S3. Neuron type summary 
(A) Description of FruM neuronal classes observed in this study in the central and 
peripheral nervous systems. (Neuron name) The class of neuron, some of which are 
shown in Fig 2. (Neuron type) I, interneuron; P, projection neuron; or ?, undefined. 
(Description) A text description of the morphology of the neuronal class. (Tissue) B, 
brain; or V, VNC. (Images) whether images of the neuron are available. (Tracing) 
whether neurite traces are available. (Arborisation) whether segmented arborisations 
are available. (Estimated arborisation) whether the arborisation is estimated from 
various images or whether an estimate is available when the arborisation is 
unavailable. (Comments) additional information about arborisation estimates. (On 
map) whether the neuronal type is shown on the map (Fig 3). (Figure number) the 
figure (Fig S4A-) on which the neuronal type is described.   
(B) A description of unclassified neurons in the brain and VNC. (Tissue) Brain, B; or 
VNC, V. (Type) General classification of neuronal type. (Description) Text 
description of neuronal type. (Neuron name) The reference number of the neurite 
trace. (File name) name of the registered confocal file. (Figure) Images of the neuron. 
 
Table S4. Summary of the expression of Gal4 lines for each FruM cluster 
(A) Gal4∩FruFLP::mCD8GFP. (B) Gal4∩FruFLP::tauLacZ. The Gal4 lines are listed on 
in the first column. Sex is indicated in the second column where males are coloured 
blue and females are in pink. The names of the neuronal classes are in the first row 
together. The row below the names are coloured according to the scheme used in 
Figure 2. The tissue, brain (B) and VNC (V), of the neuronal class are indicated. The 
score for bilateral classes is an average of the two hemispheres. Each cluster is scored 
as from 0, no signal (black) to 2, strong labelling (red). White indicates data is 
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unavailable. The last three columns sum the number of neuronal classes labelled in 
the brain or VNC or both combined. Dash indicates absence of data. 
 
Supplemental methods 
 
Supplemental methods 1. Detailed immunohistochemistry protocol for 
registration. 
 
Supplemental methods 2. Detailed slide preparation and scanning for 
registration. 
 
Otsuna, H., and Ito, K. (2006). Systematic analysis of the visual projection neurons of 
Drosophila melanogaster. I. Lobula-specific pathways. J Comp Neurol 497, 
928-958. 
Power, M. E. (1948). The thoracico-abdominal nervous system of an adult insect, 
Drosophila melanogaster. J Comp Neurol 88, 347-409. 
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Figure S3B
79
♂ ♀
aSP2
Exact arborisation within region not known
9-168∩fru
FLP
::mCD8GFPG381∩fru
FLP
::tauLacZ9-168∩fru
FLP
::tauLacZ
9-168∩fru
FLP
::mCD8GFP
♂
100μm
Figure S4A 1
80
♂ ♀
aSP2-p
G191∩fru
FLP
::tauLacZ
* potential contralateral arborisation
*
100μm
NP111∩fru
FLP
::tauLacZ
NP111∩fru
FLP
::tauLacZ
NP111∩fru
FLP
::mCD8GFP
♂
Figure S4A 2
81
♂ ♀
aSP3-1
Exact arborisation within region not known
9-10∩fru
FLP
::mCD8GFP
9-10∩fru
FLP
::mCD8GFP
NP913∩fru
FLP
::tauLacZG231∩fru
FLP
::mCD8GFP
100μm
♂
Figure S4A 3
82
♂ ♀
aSP3-1a
NP111∩fru
FLP
::mCD8GFP NP111∩fru
FLP
::mCD8GFP
9-189∩fru
FLP
::tauLacZ
unregistered
9-189∩fru
FLP
::tauLacZ
unregistered
100μm
♀
Figure S4A 4
83
♂ ♀
aSP3-2
Exact arborisation within region not known
G170∩fru
FLP
::mCD8GFPG170∩fru
FLP
::mCD8GFP G170∩fru
FLP
::mCD8GFP
7-5∩fru
FLP
::mCD8GFP
100μm
♂
Figure S4A 5
84
♂ ♀
aSP3-2p
100μm
G228∩fru
FLP
::mCD8GFP
G228∩fru
FLP
::mCD8GFP
12-15∩fru
FLP
::mCD8GFP
unregistered
12-15∩fru
FLP
::mCD8GFP
unregistered
12-15∩fru
FLP
::mCD8GFP
unregistered
9-165∩fru
FLP
::mCD8GFP
9-165∩fru
FLP
::mCD8GFP
Figure S4A 6
85
♂ ♀
aSP3-3
8-149∩fru
FLP
::tauLacZ
*could have contralateral projections
*
G211∩fru
FLP
::tauLacZ
9-189∩fru
FLP
::mCD8GFP
6-22∩fru
FLP
::mCD8GFP
14-5∩fru
FLP
::mCD8GFP
G316∩fru
FLP
::tauLacZ
100μm
♂
Figure S4A 7
86
♂ ♀
aSP3-4
11-2∩fru
FLP
::tauLacZ
NP6629∩fru
FLP
::mCD8GFP
NP6629∩fru
FLP
::mCD8GFP
11-2∩fru
FLP
::tauLacZ
11-58∩fru
FLP
::tauLacZ
G323∩fru
FLP
::mCD8GFP
Non descending type
100μm
♂
Figure S4A 8
87
♂ ♀
aSP3-5
Exact arborisation within region not known
NP3018∩fru
FLP
::tauLacZ NP3018∩fru
FLP
::tauLacZ
NP7036∩fru
FLP
::tauLacZ NP7036∩fru
FLP
::tauLacZ
*
100μm
Figure S4A 9
88
♂ ♀
JON termination
8-173∩fru
FLP
::mCD8GFP
8-173∩fru
FLP
::mCD8GFP
8-173∩fru
FLP
::mCD8GFP
8-173∩fru
FLP
::mCD8GFP
G330∩fru
FLP
::mCD8GFP
posterior view
100μm
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♂ ♀
lAL
G274∩fru
FLP
::mCD8GFP
G274∩fru
FLP
::mCD8GFP
G274∩fru
FLP
::mCD8GFP
100μm
Figure S4A 11
90
♂ ♀
LC14
100μm
NP111∩fru
FLP
::mCD8GFP NP111∩fru
FLP
::mCD8GFP
Figure S4A 12
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lmcAL
♂ ♀ ♀
NP3108∩fru
FLP
::mCD8GFPG195∩fru
FLP
::mCD8GFP
G195∩fru
FLP
::mCD8GFP
G195∩fru
FLP
::mCD8GFP
G195∩fru
FLP
::mCD8GFP
100μm
Figure S4A 13
92
♂ ♀
lP-0
G304∩fru
FLP
::tauLacZ G304∩fru
FLP
::tauLacZ
100μm
G304∩fru
FLP
::tauLacZ G304∩fru
FLP
::tauLacZ
Figure S4A 14 93
♂ ♀
lP-1
G192∩fru
FLP
::tauLacZ G192∩fru
FLP
::tauLacZ
G231∩fru
FLP
::mCD8GFP 7-5∩fru
FLP
::tauLacZ
G231∩fru
FLP
::mCD8GFP
G231∩fru
FLP
::mCD8GFP 14-5∩fru
FLP
::tauLacZ
♂
100μm
♀
Figure S4A 15 94
♂ ♀
lP-2
100μm
6-4∩fru
FLP
::tauLacZ
14-5∩fru
FLP
::tauLacZ
12-78∩fru
FLP
::tauLacZ
9-161∩fru
FLP
::tauLacZ
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♂ ♀
lP-3
2-35∩fru
FLP
::tauLacZ
11-32∩fru
FLP
::mCD8GFP
11-58∩fru
FLP
::tauLacZ
9-46∩fru
FLP
::tauLacZ
9-161∩fru
FLP
::tauLacZ
12-5∩fru
FLP
::tauLacZ
unregistered
100μm
Figure S4A 17 96
♀lP-3-1
♀ ♀
100μm
9-161∩fru
FLP
::tauLacZG170∩fru
FLP
::tauLacZ 9-46∩fru
FLP
::tauLacZ
Figure S4A 18
97
♂lP-3-2
G256∩fru
FLP
::tauLacZ G256∩fru
FLP
::tauLacZ
100μm
♂
Figure S4A 19
98
♂ ♀
lP-4
14-81∩fru
FLP
::tauLacZ
14-81∩fru
FLP
::tauLacZ
12-78∩fru
FLP
::tauLacZ
100μm
Figure S4A 20 99
lPN
♂ ♀
GH146∩fru
FLP
::mCD8GFP GH146∩fru
FLP
::mCD8GFP
GH146∩fru
FLP
::mCD8GFPGH146∩fru
FLP
::mCD8GFP
100μm
Figure S4A 21
100
♂ ♀
LT12
100μm
G231∩fru
FLP
::mCD8GFPNP111∩fru
FLP
::mCD8GFP
Figure S4A 22
101
♂LT32
NP111∩fru
FLP
::mCD8GFP
NP111∩fru
FLP
::mCD8GFP
100μm
Figure S4A 23
102
♀LV
G364∩fru
FLP
::tauLacZ
100μm
Figure S4A 24
103
♂ ♀
lvlP-1
♀
9-10∩fru
FLP
::mCD8GFP
9-10∩fru
FLP
::mCD8GFP
11-58∩fru
FLP
::tauLacZ 11-58∩fru
FLP
::tauLacZ
2-10∩fru
FLP
::tauLacZ
2-10∩fru
FLP
::tauLacZ
9-189∩fru
FLP
::tauLacZ
unregistered
100μm
Figure S4A 25 104
♂ ♀
lvlP-2
NP5266∩fru
FLP
::mCD8GFP NP5266∩fru
FLP
::mCD8GFPNP5266∩fru
FLP
::mCD8GFP
♂
100μm
Figure S4A 26
105
♂ ♀
lvlP-3
Arborisation within region not known
G376∩fru
FLP
::tauLacZ
G376∩fru
FLP
::tauLacZ
G376∩fru
FLP
::tauLacZ NP7036∩fru
FLP
::tauLacZ
100μm
Figure S4A 27
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mAL
♂ ♀
9-189∩fru
FLP
::mCD8GFP9-189∩fru
FLP
::mCD8GFP
100μm
Figure S4A 28
107
♂ ♀
mbSN-1
10-16∩fru
FLP
::tauLacZ 10-16∩fru
FLP
::tauLacZ
G282∩fru
FLP
::mCD8GFP
G282∩fru
FLP
::mCD8GFP
G282∩fru
FLP
::mCD8GFP
MZ19∩fru
FLP
::mCD8GFP
♂
100μm
Figure S4A 29
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♂ ♀
mmAL
NP111∩fru
FLP
::mCD8GFP NP111∩fru
FLP
::mCD8GFP
NP111∩fru
FLP
::mCD8GFP
100μm
Figure S4A 30
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♂ ♀
mMb-1
9-189∩fru
FLP
::mCD8GFP 9-189∩fru
FLP
::mCD8GFP
100μm
Figure S4A 31
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♂ ♀
mMb-c
NP4784∩fru
FLP
::tauLacZ G192∩fru
FLP
::tauLacZ
100μm
Figure S4A 32
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♂ ♀
mMb-d
NP4784∩fru
FLP
::mCD8GFP
NP4784∩fru
FLP
::tauLacZ
NP4784∩fru
FLP
::mCD8GFP NP4784∩fru
FLP
::tauLacZ
G192∩fru
FLP
::tauLacZ
100μm
♀
Arborisation could be bi- ipsilateral 
Figure S4A 33
112
mmcAL
♂ ♀
p52a∩fru
FLP
::mCD8GFP p52a∩fru
FLP
::mCD8GFP
100μm
Figure S4A 34
113
♂ ♀
mP-1
G323∩fru
FLP
::tauLacZ G323∩fru
FLP
::tauLacZ
G323∩fru
FLP
::tauLacZ 12-119∩fru
FLP
::tauLacZ
100μm
Figure S4A 35 114
♂ ♀
mP-2
G329∩fru
FLP
::tauLacZ G329∩fru
FLP
::tauLacZ
G323∩fru
FLP
::mCD8GFP G323∩fru
FLP
::mCD8GFP
100μm
Figure S4A 36 115
♂mP-3
G323∩fru
FLP
::mCD8GFP
100μm
Figure S4A 37
116
♂ ♀
pSP1
*
9-161∩fru
FLP
::tauLacZ 9-161∩fru
FLP
::tauLacZ
2-76∩fru
FLP
::tauLacZ
2-76∩fru
FLP
::mCD8GFP 2-76∩fru
FLP
::mCD8GFP
Exact arborisation within region not known
100μm
Figure S4A 38 117
♂ ♀
pSP2-1
G323∩fru
FLP
::tauLacZ
G323∩fru
FLP
::mCD8GFP
G323∩fru
FLP
::tauLacZ
G323∩fru
FLP
::mCD8GFP
100μm
Figure S4A 39
118
♂ ♀
pSP2-2
G192∩fru
FLP
::tauLacZ G192∩fru
FLP
::tauLacZ
2-76∩fru
FLP
::mCD8GFP 2-76∩fru
FLP
::mCD8GFP
*
*
Arborisation ambiguous
100μm
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♂ ♀
pSP3-1
Exact arborisation not known
G329∩fru
FLP
::tauLacZ G329∩fru
FLP
::tauLacZ 5-60∩fru
FLP
::tauLacZ
♂
100μm
Figure S4A 41
120
♂ ♀
pSP3-2
Exact arborisation unknown.
2-29∩fru
FLP
::tauLacZ 2-29∩fru
FLP
::tauLacZ
100μm
Figure S4A 42
121
♂ ♀
pSP3-3
Exact arborisation 
within region not known
*
*
* Close to mbSN1 arborisation
G323∩fru
FLP
::tauLacZ G323∩fru
FLP
::tauLacZ
G323∩fru
FLP
::tauLacZ
G323∩fru
FLP
::tauLacZ
G323∩fru
FLP
::tauLacZ
G323∩fru
FLP
::tauLacZ
100μm
Figure S4A 43
122
♂ ♀
pSP3-4
Exact arborisation unknown
2-29∩fru
FLP
::tauLacZ2-29∩fru
FLP
::tauLacZ
100μm
Figure S4A 44
123
♂ ♀
svlP-1
Exact arborisation within region not known
14-2∩fru
FLP
::tauLacZ 9-189∩fru
FLP
::mCD8GFP
*
100μm
Figure S4A 45
124
svlP-2
♂ ♀
p52a∩fru
FLP
::mCD8GFP p52a∩fru
FLP
::mCD8GFP
100μm
Figure S4A 46
125
♂ ♀
vlOT1
12-64∩fru
FLP
::mCD8GFP 12-64∩fru
FLP
::mCD8GFP
100μm
Figure S4A 47
126
♂ ♀
dMsMt DUM1
G231∩fru
FLP
::mCD8GFP G348∩fru
FLP
::mCD8GFP
12-5∩fru
FLP
::tauLacZ 9-165∩fru
FLP
::tauLacZ
50μm
Figure S4A 48
127
♂ ♀
Arborisation not known
9-46∩fru
FLP
::tauLacZ 9-46∩fru
FLP
::tauLacZ
3-5∩fru
FLP
::tauLacZ
9-46∩fru
FLP
::tauLacZ
♂
dMsMt-1
50μm
Figure S4A 49
128
♀dMsMt1-1
12-15∩fru
FLP
::mCD8GFP
50μm
Figure S4A 50
129
♂dMsMt-3
2-35∩fru
FLP
::tauLacZ
Figure S4A 51
50μm
130
♂ ♀
dMsMt-4
G132∩fru
FLP
::tauLacZG94∩fru
FLP
::tauLacZ 10-16∩fru
FLP
::tauLacZ G94∩fru
FLP
::tauLacZ
♂
50μm
♂
Figure S4A 52
131
♂ ♀
dMtAb
NP4784∩fru
FLP
::mCD8GFPG316∩fru
FLP
::tauLacZ
NP3035∩fru
FLP
::mCD8GFP
NP111∩fru
FLP
::tauLacZNP4784∩fru
FLP
::mCD8GFP
NP111∩fru
FLP
::tauLacZ
G316∩fru
FLP
::tauLacZ NP3035∩fru
FLP
::mCD8GFP
♂
50μm
♀
Figure S4A 53
132
♂ ♀
dPrM DUM1
G364∩fru
FLP
::tauLacZ3-5∩fru
FLP
::tauLacZ
Figure S4A 54
50μm
133
♂dPrM-1
G314∩fru
FLP
::tauLacZ
G314∩fru
FLP
::tauLacZG304∩fru
FLP
::tauLacZ
G304∩fru
FLP
::tauLacZ
G304∩fru
FLP
::tauLacZ
♂ ♂
G348∩fru
FLP
::mCD8GFP
G348∩fru
FLP
::mCD8GFP
50μm
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134
♂ ♀
dPrM2
3-5∩fru
FLP
::mCD8GFP2-13∩fru
FLP
::tauLacZ 7-69∩fru
FLP
::tauLacZ
2-13∩fru
FLP
::tauLacZ
♂
50μm
Figure S4A 56
135
♂ ♀
Wing aerent
Haltere aerent
NP3035∩fru
FLP
::mCD8GFP
8-44∩fru
FLP
::mCD8GFP
NP3035∩fru
FLP
::mCD8GFPNP3035∩fru
FLP
::mCD8GFP
3-5∩fru
FLP
::tauLacZ
3-5∩fru
FLP
::tauLacZ
NP3018∩fru
FLP
::mCD8GFP
♀
50μm
Figure S4A 57
136
♂ ♀
Leg
G348∩fru
FLP
::mCD8GFP 8-44∩fru
FLP
::mCD8GFP
G348∩fru
FLP
::mCD8GFP
♀
8-44∩fru
FLP
::mCD8GFP
NP3018∩fru
FLP
::mCD8GFP
50μm
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137
♂ ♀
MsMt VUM1
G228∩fru
FLP
::mCD8GFP 8-173∩fru
FLP
::mCD8GFP
50μm
Figure S4A 59
138
♂ ♀
Pr1
G304∩fru
FLP
::tauLacZ 12-78∩fru
FLP
::tauLacZ
8-44∩fru
FLP
::mCD8GFP
50μm
Figure S4A 60 139
♂ ♀
Pr2
6-4∩fru
FLP
::tauLacZ
NP3018∩fru
FLP
::tauLacZ
12-78∩fru
FLP
::tauLacZ NP913∩fru
FLP
::tauLacZ
7-61∩fru
FLP
::mCD8GFP
unregistered
♂
5-60∩fru
FLP
::tauLacZ
50μm
Figure S4A 61
140
♂ ♀
vPrM VUM1
2-35∩fru
FLP
::tauLacZ2-35∩fru
FLP
::tauLacZ
6-22∩fru
FLP
::mCD8GFP
50μm
Figure S4A 62
141
♂vPrM VUM2
50μm
G270∩fru
FLP
::mCD8GFP
Figure S4A 63
142
♂ ♀
vMsMt1
G94∩fru
FLP
::mCD8GFP
G94∩fru
FLP
::mCD8GFP10-16∩fru
FLP
::tauLacZ6-22∩fru
FLP
::tauLacZ
G94∩fru
FLP
::tauLacZ
♂
50μm
NP3108∩fru
FLP
::mCD8GFP
Figure S4A 64
143
♂ ♀
vMsMt2
Arborisation not known.
11-58∩fru
FLP
::tauLacZ 11-58∩fru
FLP
::tauLacZ
50μm
Figure S4A 65
144
♂vMsMt3
G316∩fru
FLP
::mCD8GFP
50μm
Figure S4A 66
145
♂ ♀
vMsMt4
NP5266∩fru
FLP
::mCD8GFPG120∩fru
FLP
::tauLacZ 2-10∩fru
FLP
::tauLacZ
♂
50μm
Figure S4A 67
146
♂ ♀
vMtAb
11-2∩fru
FLP
::mCD8GFP
11-2∩fru
FLP
::mCD8GFP
11-41∩fru
FLP
::tauLacZ
11-41∩fru
FLP
::tauLacZ
11-2∩fru
FLP
::mCD8GFP 11-2∩fru
FLP
::tauLacZ
11-2∩fru
FLP
::tauLacZ
♂
50μm
Figure S4A 68
147
♂ ♀
vPrM1a
G304∩fru
FLP
::tauLacZ
15-13∩fru
FLP
::tauLacZ
15-13∩fru
FLP
::tauLacZ
NP913∩fru
FLP
::tauLacZ
NP111∩fru
FLP
::mCD8GFP
50μm
Figure S4A 69
148
♂ ♀
vPrM1-a-m
11-41∩fru
FLP
::mCD8GFP9-180∩fru
FLP
::mCD8GFP 11-41∩fru
FLP
::tauLacZ
9-180∩fru
FLP
::tauLacZ
♂
50μm
Figure S4A 70
149
♂ ♀
vPrM1-l
G332∩fru
FLP
::tauLacZ 2-10∩fru
FLP
::tauLacZ
50μm
Figure S4A 71
150
♂ ♀
vPrM1-m
7-48∩fru
FLP
::tauLacZ NP3018∩fru
FLP
::mCD8GFP NP3018∩fru
FLP
::mCD8GFP
♀
50μm
Figure S4A 72
151
♂ ♀
vPrM1v
Arborisation not known.
12-119∩fru
FLP
::tauLacZ 12-119∩fru
FLP
::tauLacZ9-10∩fru
FLP
::mCD8GFP
8-173∩fru
FLP
::mCD8GFP9-10∩fru
FLP
::mCD8GFP
♂
50μm
Figure S4A 73
152
♂ ♀
G316∩fru
FLP
::mCD8GFP
G351∩fru
FLP
::mCD8GFP
G351∩fru
FLP
::mCD8GFP
♂
vPrM2-l
G316∩fru
FLP
::mCD8GFP 8-44∩fru
FLP
::tauLacZ
8-44∩fru
FLP
::tauLacZ
50μm
Figure S4A 74
153
♂ ♀
vPrM2-l-m
3-8∩fru
FLP
::tauLacZ 12-5∩fru
FLP
::tauLacZ
♂
9-168∩fru
FLP
::mCD8GFP
50μm
Figure S4A 75
154
♂ ♀
vPrM2-l-m-2
6-22∩fru
FLP
::mCD8GFP
11-58∩fru
FLP
::tauLacZ 11-58∩fru
FLP
::tauLacZ
50μm
Figure S4A 76
155
♂ ♀
vPrM2-p
2-76∩fru
FLP
::tauLacZ
NP3108∩fru
FLP
::mCD8GFP
G170∩fru
FLP
::mCD8GFP
10-16∩fru
FLP
::tauLacZ
50μm
Figure S4A 77
156
♂vPrM2-v
NP7036∩fru
FLP
::tauLacZ G270∩fru
FLP
::mCD8GFP
♂
50μm
Figure S4A 78
157
♂ ♀
8-193∩fru
FLP
::mCD8GFP 2-76∩fru
FLP
::mCD8GFP9-180∩fru
FLP
::mCD8GFP8-193∩fru
FLP
::mCD8GFP
8-173∩fru
FLP
::mCD8GFP
♂ ♂
♂
100μm
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A B C D
E
158
♂NP3018∩fru
FLP
::mCD8GFP
♂ ♂
G329∩fru
FLP
::tauLacZ G329∩fru
FLP
::tauLacZ
100μm
A B C
Figure S4A 80
159
♂NP4784∩fru
FLP
::mCD8GFP
G381∩fru
FLP
::mCD8GFP
unregistered
11-41∩fru
FLP
::mCD8GFP
unregistered
11-41∩fru
FLP
::mCD8GFP
unregistered
11-41∩fru
FLP
::mCD8GFP
unregistered
♀
100μm
G231∩fru
FLP
::mCD8GFP
♂
A B C
Figure S4A 81
160
♀NP3108∩fru
FLP
::tauLacZ 11-2∩fru
FLP
::tauLacZ
♀
100μm
A B
Figure S4A 82
161
♂
G329∩fru
FLP
::tauLacZ
♂
9-161∩fru
FLP
::tauLacZ
9-161∩fru
FLP
::tauLacZ 12-15∩fru
FLP
::tauLacZ
♂
100μm
G381∩fru
FLP
::mCD8GFP
unregistered
A B C
D E
Figure S4A 83
162
♂12-15∩fru
FLP
::mCD8GFP
unregistered
15-13∩fru
FLP
::tauLacZ12-15∩fru
FLP
::mCD8GFP
unregistered
15-13∩fru
FLP
::tauLacZ
♂
NP3018∩fru
FLP
::mCD8GFP
unregistered
NP3018∩fru
FLP
::mCD8GFP
unregistered
♂
100μm
A B C
Figure S4A 84
163
♂9-10∩fru
FLP
::mCD8GFP G228∩fru
FLP
::mCD8GFP
♂
100μm
7-61∩fru
FLP
::mCD8GFP
♂
12-5∩fru
FLP
::mCD8GFP
unregistered
A B C
D
Figure S4A 85
164
♀♀
NP3108∩fru
FLP
::tauLacZ
9-46∩fru
FLP
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Table S1 Constructs made for the FLP-in system. 
 
Construct Plasmid Reporter Application Reference Plasmid 
backbone 
UAS>stop>nLacZ pMK4 Nuclear targeted β-
galactosidase 
Nuclear marker.  pKC27 (attp) 
UAS>stop>τLacZ pDK62 Tau- β-galactosidase 
fusion 
Neurite marker.  pUAST 
UAS>stop>mCD8GFP pMK6 Mouse CD8 GFP 
fusion 
Neurite and arborisation marker.  pKC27 (attp) 
UAS>stop>nSybGFP pSW41 Neuronal 
synaptorbrevin GFP 
fusion 
Presynaptic marker. (Ito et al., 1998) pKC27 (attp) 
UAS>stop>HA-Syt pSW43 Haemaglutinin 
synaptotagmin fusion 
Presynaptic marker. (Robinson et al., 2002) pKC27 (attp) 
UAS>stop>DSCAM17.1GFP pSW48 DSCAM 17.1 GFP 
fusion 
Presynaptic marker. (Wang et al., 2004) pKC27 (attp) 
UAS>stop>DSCAM17.2GFP pSW52 DSCAM 17.2 GFP 
fusion 
Pre and postsynaptic marker. (Wang et al., 2004) pKC27 (attp) 
UAS>stop>EGFP-hKir2.1 pSW51 Human Inward 
rectifying K+ channel 
GFP fusion 
Constitutively silences neurons by 
hyperpolarizing cell. 
(Johns et al., 1999; 
Paradis et al., 2001; 
White et al., 2001) 
pKC27 (attp) 
UAS>stop>Shits pMK21 Temperature sensitive 
Dynamin mutant  
Acutely silences neurons by competing 
with endogenous Dynamin to vesicle 
fusion and neurotransmitter release. 
(Kitamoto, 2002) pKC27 (attp) 
UAS>stop>TeTxactive pMK8 Tetanus toxin light 
chain 
Constitutively silences neurons by 
cleaving synaptobrevin to prevent vesicle 
fusion required for neurotransmitter 
release. 
(Sweeney et al., 1995) pKC27 (attp) 
UAS>stop>TeTxinactive pMK9 Tetanus toxin light 
chain inactive mutant 
Control for active tetanus toxin. (Sweeney et al., 1995) pKC27 (attp) 
UAS>stop>TeTxactive pDK51 Tetanus toxin light 
chain 
Constitutively silences neurons by 
cleaving synaptobrevin to prevent vesicle 
fusion required for neurotransmitter 
release. 
(Sweeney et al., 1995) pUAST 
UAS>stop>TeTxinactive pDK50 Tetanus toxin light 
chain 
Control for active tetanus toxin. (Sweeney et al., 1995) pUAST 
UAS>stop>Shits pDK45 Temperature sensitive 
Dynamin mutant 
Acutely silences neurons by competing 
with endogenous Dynamin to vesicle 
fusion and neurotransmitter release. 
(Kitamoto, 2002) pUAST 
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Table S2 Names of neuropil regions in figure S3. 
 
Tissue Abbreviation Region name 
 AL antennal lobe 
 AMMC antennal mechanosensory and motor center 
 EB ellipsoid body 
 FB fanshaped body 
 L lobula 
 LH lateral horn 
 LOP lobula plate 
 M medial posterior 
 MB mushroom body 
 MB-1 mushroom body γ neuron innervation 
 MB-2 mushroom body α' lobe 
 ME medulla 
 MILPr middle inferiorlateral protocerebrum 
Brain MIMPr middle inferiorlateral protocerebrum 
 MSLPr middle superiorlateral protocerebrum 
 MSMPr middle superiormedial protocerebrum 
 NO noduli 
 OT optic tubercle 
 PB protocerebral bridge 
 PI pars interebralis 
 PILPr posterior inferiorlateral protocerebrum 
 PIMPr posterior inferiormedial protocerebrum 
 PSLPr posterior superiorlateral protocerebrum 
 PSMPr posterior superiormedial protocerebrum 
 SOG subesophageal ganglion 
 V posterior ventral   
 VB ventral body 
 VLPr ventrolateral protocerebrum 
 abdominal abdominal segment 
 mesothoracic mesothoracic segment 
VNC metathoracic metathoracic segment 
 prothoracic  prothoracic segment  
 wing wing segment 
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Table S3A. Description of neuronal classes.
Neuron name Neuron type Description Tissue Images Tracing Arborisation Estimated arborisation Comments On map Figure      S4A
Kimura et 
al., 2008 
names
aSP2 I Cell bodies located in the PI. Ipsilateral projections extend laterally away from the PI and then ventrally to a region posterior to the OT. Possibly arborising locally in the PI as well as in the 
medial lateral Pr. The ventral posterior projection towards a region medial from MB peduncle 
difficult to resolve from posterior cluster dendrites. 
B + + - + + 1
aSP2-p P Cell bodies located in the dorsal PI. Neurite projects ventral posteriorly then bifurcates. One branch projects ipsilaterally and terminates in the medial Pr. The other branch projects ventral 
medially, turns dorsally at the midline and then joins the path of the same cluster on the 
contralateral side possibly arborising in the contralateral hemisphere. 
B + + + + + 2
aSP1
aSP3-1 P Cell bodies located lateral to the LH away from neuropil. Neurites first curve ventrally before entering a tract in neuropil region below LH, then projects medially forming arborisations in the 
region medial to the LH. Could also project to contralateral hemisphere via a dense neurite 
tract across the superior Pr. 
B + + + + + 3
aSP3-1a I Cell bodies located ventral lateral to the LH, away from the neuropil and always ventral to 
aSP3-1 cell bodies. Projects dorsally on the surface of the ventral lateral Pr before entering a 
tract in the neuropil region below the LH. Unlike aSP3-1, projection from the cell body does not 
bend before entering tract. Within tract, neurite projects medially arborising first in the ventral 
LH, then projects medially to arborise a discrete ventral region in Ring structure. 
B + + + - + 4
AL6a
aSP3-2 I Cell bodies located away from the neuropil, lateral anteriorly from the LH and always dorsal to aSP3-1. Neurite enters a neuropil tract anterior to LH. Projects medially to arborise in density 
spanning the ventral LH and lateral medial Pr.
B + + + + + 5
aSP3-2p I Cell bodies located anterior ventral to the LH, almost on the surface of the ventral lateral Pr. 
Neurite makes a distinct turn, travels on the surface of the neuropil around the LH to the PSLPr 
to form broad superficial web-like arborisations in the PSMPr. Neurite also crosses the midline 
and arborises in small region at the medial end of the contralateral PSMPr. 
B + + + - + 6
aSP3-3 P Cell bodies located on dorsal surface of brain in cleft posterior to the OT. Two types of neurons could be closely located. Neurites of one type project ventrally in the dorsal lateral 
protocerebrum arborising locally. The other type sends projection close to the cell body 
contralaterally within a dense tract in the superior Pr and arborise in the same region in the 
contralateral hemisphere.
B + + + + Contralateral uncertain. + 7
aSP3-4 P Cell bodies located in a cleft between the OT and the MB lobe junction. Neurite projects medial ventrally in the neuropil forming arborisations in the ventral body and then descends out of the 
brain. Arborisation in the VNC not yet defined. Similar to some classes of moth pheromone 
sensitive neurons (Wada and Kanzaki, 2005). This cluster could have 2 neural populations, 
one descending and one arborising locally in the brain. G323 mCD8GFP females have a type 
of local interneuron.
B + + - + + 8
AL4
aSP3-5 P Cell bodies located in the cleft between OT and the MSMPr, immediately medial to aSP3-3 cluster. Neurite projects ventrally before turning dorsally and extends superficially on the dorsal 
VB before projecting to the superior Pr in the contralateral hemisphere. Only one or two cell 
bodies are normally labelled in this cluster.
B + + - + + 9
JON P Johnston's organ neurons terminating in the AMMC. B + - - + - 10
lAL P Cell bodies located ventral lateral to the AL, usually away from neuropil. Occasionally more 
than one neurite are seen coming from the cell body region. They project dorsally, sharing the 
medial antenno-cerebral tract with the olfactory PNs until the FB then making a lateral dorsal 
turn. Neurites form web-like arborisations in the PSMPr before projecting and arborising in the 
contralateral PSMPr. Neural type similar to TRPA1 neurons in Hamada et al., 2008. 
B + + + - + 11
LC14 P Highly similar to Otsuna et al., 2006 visual projection neuron LC14. Cell bodies located between the lateral superior Pr and the optic lobe. Neurite projects ventrally, arborising in the 
dorsal anterior lobula. The neurite continues in the great commissure to the contralateral 
lobula. There could be minor arbours in the contralateral posterior. The arbour observed in 
males is larger in volume than females.
B - - - - + 12
Lv2
lmcAL P Cell bodies located ventral to antennal lobe in same region as mmcAL. Neurite bends medially then branches. The dorsal branch sends bilateral projections and arborise predominantly in the 
ventral Ring structure but also some weaker arbours in the medial Ring structure. The ventral 
branch terminates in ipsilateral arborisations in the lateral SOG. The SOG arborisation lies very 
close to the posterior ventral region of the AMMC. 
B + + + - Only female arborisation 
available.
+ 13
lP-0 I Cell bodies located laterally away from the posterior M. Neurite enter the neuropil but projections are unclear. 
B + + - - - 14
lP-1 P Cell bodies located in the lateral M. Neurite enters the neuropil via a tract in the lateral M, projects anterior ally branching in the interior of the VLPr. One branch projects to the dorsal 
surface of the VB. Another branch projects medially and crosses the midline. May contain 
another neural type having short a ipsilateral projection towards the ring structure and 
arborising in the medial VLPr, see G231.
B + + - + + 15
P4a, 
P4b
lP-2 P Cell bodies located in the posterior M. Neurite enters a tract in the medial M and projects anteriorly behind MB lobes in the MIMPr. There could also be another contralaterally projecting 
type.
B + + - + + 16
lP-3 P Cell bodies located laterally in a cluster close to the tract entrance below the PB. Neurite projects anteriorly before branching. The dorsal branch leads to dense arborisations in the 
ventral and medial regions of the ipsilateral Ring structure. There could also be minor 
projections to the contralateral Ring structure. The dorsal projection travels lateral ventrally 
forming dense arborisations in multiple regions including the VB, posterior AMMC and SOG 
before exiting the brain. In the VNC, the projections travels along a lateral tract and arborises 
mostly in the 1st and 2nd leg neuromeres. The neurites remain ipsilateral in the brain and 
VNC.
B + + + - + 17
P2b
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Neuron name Neuron type Description Tissue Images Tracing Arborisation Estimated arborisation Comments On map Figure      S4A
Kimura et 
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names
lP-3-1 P Cell bodies located medial to lP-3 neurons but within close proximity. Neurite enters the 
neuropil through the same tract opening as lP-3 and branches. One branch travels dorsal 
anteriorly, possibly arborising in the Ring structure. Another projects to the ventromedial region 
of the contralateral Ring. The third branch crosses the midline above the oesophageal foramen 
and travels ventrally and exits the brain. The projection pattern in the VNC unclear.
B + + - + + 18
P2c
lP-3-2 P Cell bodies located in the same cluster as the other lP-3 neurons. Neurite projects anteriorly 
and turns ventrally sharing the mAL tract for a short distance before travelling ventrally to 
arborise in the posterior SOG near the ventral side of the oesophageal foramen. 
B + + - - - 19
lP-4 P Cell bodies located ventral to the lP-1 cluster. Neurite enters the neuropil through a tract opening below that of lP-1 in the lateral M. Within the neuropil, neurite travels medially 
arborising in the Ring structure and continues to arborise in the anterior Pr.
B + + - - - 20
lPN P Olfactory projection neurons. Two population located dorsal or lateral to the AL. Innervate DA1 and VA1v glomeruli. Arborise in the MB peduncles and the ventral LH.
B + + + - + 21 AL3
LT12 P Highly similar to Otsuna et al., 2006 visual projection neuron. LT12 Cell bodies located between the lateral V and the optic lobe. Arborisation is localised to the posterior of the lobula. 
Neurite projects medially to arborise in the medial region of the vlPr, which localises to the 
lateral Ring structure.
B - - - - + 22
LT32 P Highly similar to Otsuna et al., 2006 visual projection neuron LT32. Cell bodies located medial ventral to AL. Neurite projects through the oesophageal foramen posteriorly then ipsilaterally to 
arborise in the anterior dorsal region of the lobula. There is also arborisation in the V region, 
which remains to be defined.
B + + - + + 23
LV P Cell bodies located between the protocerebrum and optic lobe. This cluster contains different neurons that project from optic lobe to central brain. One cluster projects to OT, other one 
contralaterally.
B + + - - - 24
lvlP-1 I Cell bodies located near a tract entrance in the dorsal VLPr. Could contain 3 different classes of neurons. One class projects medially within the VLPr, see 11-58 females. Anther class 
branches in VLPr and arborises locally, see 9-10 females. The third class sends ventral 
projections in the VLPr, see 2-10 females.
B + + + + Only female arborisation 
available.
+ 25
lvlP-2 I Cell bodies located in the ventral lateral region of the vlPr. Innervates locally a region in the lateral protocerebrum.
B + + + - + 26
lvlP-3 I Cell bodies located on the surface of the VLPr. Neurite projects medially forming multiple small projections. Arborisation not known.
B + + + + + 27
mAL P Cell bodies located above the AL. Neurite projects medial ventrally. Projection is sexually 
dimorphic as described by Kimura et al., 2005. Neurites form arborisation to the SOG, either 
bilaterally in males or contralaterally in females, and then projects dorsally to the lateral Pr. 
B + + + - + 28
mbSN-1 P Cell bodies are scattered anterior to the MB gamma lobes. Neurite projects posterior medially 
arborising in the MSMPr and a discrete region at the medial terminus of the MB gamma lobe in 
both hemispheres. Could be MB extrinsic neuron MB-M3 in Tanaka et al., 2008.
B + + + - 0 + 29
mmAL P Cell bodies located dorsal medial to the AL. Neurite projects bilaterally innervating the medial 
SOG, with distinct granular arborisations, and also dorsally the PI. Projection in the SOG are 
likely to be bilateral. Does not appear to be sexually dimorphic. Labelled by NP111.
B + + + - + 30
mMb-1 P Cell bodies located in the same region as mMb. Neurite forms dorsal branch soon after entering neuropil. Also sends lateral branch to innervate an area in the medial Pr. Another 
branch projects towards the midline and then branches again, the dorsal branch leads to 
arborisations in the PI while the ventral branch crosses the midline to form a discrete 
arborisation in the region below the contralateral AL. Not sexually dimorphic.
B + + + - + 31
mMb-c P Cell bodies located in cluster of cells medial from mushroom body calyx. This cluster contains 
at least 2 types of neuron. One of which may be sexually dimorphic. The sexually non-
dimorphic type (mMb-c) has projection initially medial then dorsal forming a fork at the PI. The 
projection continues ventrally along median bundle and descends into VNC. 
B + + - + + 32
mMb-d P Possibly dimorphic type (mMb-d) has ventral projection into RING, then lateral dorsal 
projection into MSMPr. In males there are more examples where Ring projection is strong and 
lateral projection is weaker. In females, the lateral projection is strong while there are less 
examples of Ring projections, which are weaker compared to males. Labelled by NP4784 and 
G192. Similar morphologically to singing command neurons in crickets, Hedwig 2004.
B + + + + + 33
mmcAL P Cell bodies located medially, between the AL and the SOG. Neurite forms local arborisations 
close to the cell bodies but also projects dorsally along the midline forming the "median 
bundle" and arborises bilaterally in the PI. Neurons present in both sexes. Labelled by p52A. 
Highly similar to neurons expressing empty spiracles Lichtneckert et al., 2007.
B + + + - + 34
mcALa
mP-1 P Cell bodies located posterior to the middle of the PB. Thick neurite projects ventrally then laterally along the posterior optic tract to arborise sparsely the lobula. Two arborisation regions 
are seen in the brain, one in the posterior SOG, the other smaller region is located in the lateral 
SOG.
B + + + - Optic lobe arborisation 
need to be 
determined.
+ 35
mP-2 P Cell bodies located anterior to the PB, compared to posterior for mP-1. Neurite projects ventrally through tract posterior to the FB and extends anteriorly towards region above the AL 
and anterior to the MB (location of mbSN1 cluster). Arborisations are seen in the MIMPr and 
also the MSMPr.
B + + + - + 36
mP-3 P Cell bodies located posterior to the PB and medial from pSP2. Neurite remains at the surface 
of the posterior neuropil, projects ventrally and turns laterally to arborise in the medial M.
B + + - - - 37
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pSP1 I Cell bodies located posterior to the PSLPr (occipital lateral hump). Neurite projects medially and arborises in the MSMPr (occipital medial hump).
B + + - + + 38
pSP2-1 P Cell bodies located ventral to the PB. Projection curves below the PB, then travels laterally and dorsally to the MB calyx and branches. One branch arborises in the ipsilateral medial Pr, the 
other branch crosses the midline through a dense tract to arborise in the contralateral medial 
Pr. Cells are absent in females. These are the sexually dimorphic P1 neurons identified by 
Kimura et al., 2008. Labelled by G323.
B + + + - + 39
P1
pSP2-2 P Cell bodies located ventral to the PB but medial relative to pSP2-1. Neurite curves below the PB then branches. The dorsal branch innervate a discrete region in the PSMPr and the ventral 
branch travels ventrally to innervate the dorsal SOG. The arborisation in the SOG region is not 
so well resolved. Neurites could even project ventral and exit the brain. 
B + + + + + 40
pSP3-1 I Cell bodies located lateral to the posterior LH. Neurite projects medially then bend lateral dorsally. Possibly arborising locally in the LH.
B + + - + + 41
pSP3-2 P Cell bodies located lateral to the MB calyx. Neurite enters the neuropil close to a small ridge medial to the posterior LH and projects medially. Arborisation unknown.
B + + - - - 42
pSP3-3 P Cell bodies located lateral and slightly ventrally from the MB calyx. Neurite projects medially 
and fuses with tracts from pSP2-1. May have different anterior projections. Labelled by G323
B + + + + + 43
pSP3-4 P Cell bodies located below pSP3-3 lateral to the MB calyx. Neurite projects medially entering and crossing the tract containing the MB pedunculus. Projection continues but arborisations 
are unclear.
B + + - - - 44
SOG 0 Collection of neurons found in the ventral region of the SOG. Forms extensive net-like local 
arborisations in the SOG. Possibly resembling the octopaminergic interneurons described in 
Sinakevitch et al., 2006 and Certel et al., 2007. See detailed description of SOG neurons.
B - + - + + -
SOG-01 I Cell bodies located at the anterior midline. Neurites project posteriorly towards oesophageal foramen, path highly variable.
B - + - + - S4B
SOG-02 I Cell bodies located lateral to midline at the ventral SOG. Neurite projects dorsally, bifurcates before reaching the oesophageal foramen.
B - + - + - S4B
SOG-03 I Cell bodies located lateral to the SOG. Neurites arborised extensively in both hemispheres of the SOG.
B - + - + - S4B
SOG-04 I Cell bodies located at the ventral midline. Neurite projects anteriorly and dorsally towards the anterior oesophageal foramen.
B - + - + - S4B
SOG-05 I Cell bodies located at the anterior midline. Neurites project posteriorly. B - + - + - S4B
SOG-06 I Cell bodies located at the anterior or ventral midline. Neurites project dorsally to the oesophageal foramen.
B - + - + - S4B
SOG-07 I Cell bodies located at the posterior ventral SOG. Neurite projects ventrally at the dorsal oesophageal foramen.
B - + - + - S4B
SOG-08 I Cell bodies located at the ventral midline of the oesophageal foramen. Neurite projects posteriorly making a turn anteriorly.
B - + - + - S4B
svlP-1 P Cell bodies located dorsal lateral to the VLPr. Neurite enters the tract below the OT and branches. The first branch arborises in the VLPr while the other branch continues medially 
bifurcating medially to the MB peduncle. One branch projects laterally in the ipsilateral 
hemisphere while the other crosses the midline via the dense tract in the medial Pr arborising 
in the contralateral equivalent region in the lateral Pr.
B + + + - + 45
svlP-2 P Cell bodies located at the junction of the VLPr and the AL. Neurite projects medially towards region anterior of the MB but forms branches and arborisations along the way. Does not 
appear to be sexually dimorphic. Labelled by p52A. 
B + + + - + 46
vlOT-1 P Cell bodies located ventrally to the OT. Neurite projects medially to arborise in the ipsilateral OT. Arborisation localised to the dorsal region of the OT. Neurite also branches to cross the 
midline in a distinctive V shape to arborise in the contralateral OT. Major arborisation remains 
on the ipsilateral side. Marked by 12-64.
B + + + - + 47
AL5a
dMsMt DUM1 I Cell bodies located at the in a tract entrance on dorsal surface of the region bordering the mesothoracic and metathoracic segments. Two distinct cell types can be seen. One type, 
located in the anterior region, has neurites projecting ventrally. The other type has the cell body 
located posteriorly and neurite projecting laterally exiting the VNC via the extra metathoracic 
nerve.
V + + - + + 48
dMsMt1 P Cell bodies located at the junction between the dorsal mesothoracic and metathoracic neuromeres. Neurite projects laterally to enter the neuropil then projects anteriorly. Likely to 
arborise in the mesothoracic neuromere.
V + + - + + 49
dMsMt1-1 P Cell bodies located at the junction between the dorsal mesothoracic and metathoracic neuromeres, very close to those of dMsMt-1. Neurite projects medially towards the midline and 
turns anteriorly. Arborisation is located in the mesothoracic neuromere.
V + + + + Only female arborisation 
available.
+ 50
dMsMt3 P Cell bodies located at the dorsal metathoracic neuromere. Neurite enters the neuropil via a tract entrance in the lateral dorsal metathoracic neuromere posterior medial to dMsMt2.
V + + - + + 51
dMsMt4 P Cell bodies located at the dorsal metathoracic neuromere. Neurite enters the neuropil via a tract entrance in the lateral dorsal metathoracic neuromere posterior medial to dMsMt3. 
Projection extends posterior towards the abdominal segment.
V + + - + + 52
dMtAb P A large cluster of neurons with cell bodies located on the dorsal surface in the region between 
the metathoracic and abdominal neuromeres. Possibly many different types. One type has 
neurite projecting medially, arborising locally in the dorsal mesothoracic neuromere.
V + + + + + 53
dPrM DUM1 I Cell bodies located on the dorsal midline posterior to the prothoracic neuromere. Neurite enters 
neuropil and projects anteriorly exiting the VNC. Some examples also show local arbours.
V + + - + + 54
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al., 2008 
names
dPrM1 P Cell bodies located at the dorsal posterior region of the prothoracic neuromere. Neurite projects medially entering the neuropil through a tract entrance located laterally to the region 
between the pro- and mesothoracic neuromeres. Arborises ipsilaterally in the dorsal 
prothoracic neuromere.
V + + - + + 55
dPrM2 P Cell bodies located on the dorsal mesothoracic neuromere. Neurite enters the neuropil via a tract entrance in the dorsal anterior of the mesothoracic neuromere. Neurite projects ventral 
medially and turns back dorsally. Long arborisation only seen in females, 3-8, 3-5, 8-173 and 
nSyb. 
V + + + + Only female arborisation 
available.
+ 56
Haltere afferent P Afferent neuron entering the VNC via the haltere nerve. Forms minor arbours in the mesothoracic and metathoracic segments. Neuron continues into the brain.
V + + - + + 57
Leg afferent P Web like arborisation in each leg neuromere from afferent neurons. Another type has distinct ventral arborisation, possibly taste or mechanosensory afferents.
V + - - + + 58
MsMt VUM1 I Cell bodies located on the midline between the two mesothoracic neuromeres. Neurite projects dorsally. 
V + + - + + 59
Pr1 I Cell bodies located at the anterior of the prothoracic segment close to the midline. Neurite enters the anterior prothoracic neuromere and projects posteriorly forming arborisations in a 
distinct A shape extending to the anterior of the mesothoracic segment.
V + + + + + 60
Pr2 P Cell bodies located at the anterior of the prothoracic segment. Neurite enters the prothoracic neuromere and projects laterally, possibly exiting the VNC to innervate the foreleg. There could 
be another type of neuron that has cell bodies in the same location but does not innervate the 
leg, instead the neurites branch in the prothoracic neuromere.
V + + - + + 61
PrM VUM1 I Cell bodies located on the midline immediately posterior to the two prothoracic neuromeres. Neurite projects dorsally. 
V + + - + + 62
PrM VUM2 I Cell bodies located on the midline in the ventral anterior of the mesothoracic neuromeres. Neurite projects dorsally.
V + + - + + 63
vMsMt1 P Cell bodies located close to the midline between the ventral mesothoracic neuromeres. Neurite projects dorsally and curves anteriorly. The anterior lateral projection reaches the wing neuropil 
where it forms small branches. Some neurons also form a branch that projects to the 
contralateral prothoracic neuromere.
V + + - + + 64
vMsMt2 P Cell bodies located in the lateral region of the ventral metathoracic neuromere. Neurite enters 
the neuropil close to the anterior of the metathoracic neuromere and projects anteriorly.
V + + - + + 65
vMsMt3 P Cell bodies located in the medial region of the ventral metathoracic neuromere. Neurite projects dorsally and branches in the dorsal lateral metathoracic neuromere. One branch 
projects anteriorly and branches before crossing the midline at the junction region of the meso- 
and metathoracic neuromeres. The other branch projects posteriorly exiting the VNC via the 
metathoracic accessory nerve.
V + + - + + 66
vMsMt4 P Cell bodies located at the ventral posterior region of the mesothoracic neuromere. Neurite projects dorsally and anteriorly. Two branches are formed at the dorsal mesothoracic 
neuromere, one projecting laterally, the other medially. Arborisation is localised to the 
mesothoracic neuromere.  
V + + + - + 67
vMtAb P A large cluster of neurons with cell bodies located in the ventral region between the 
metathoracic and the abdominal neuromeres. One type projects to the ipsilateral mesothoracic 
neuromere and forms local arborisations. Another type projects anteriorly along a ventral tract 
for the entire length of the VNC, exiting at the anterior end to innervate the brain.
V + + - + + 68
vPrM1-a P Cell bodies located in the ventral lateral region of the prothoracic neuromere. Neurite projects medially in the prothoracic neuromere sometimes branching. Arborisation located in the 
anterior prothoracic neuromere.
V + + + - + 69
vPrM1-a-m P Cell bodies located in the ventral lateral region of the prothoracic neuromere very close to vPrM1-a. Neurite projects dorsally to the anterior medial prothoracic neuromere, where it 
branches ventrally.
V + + + - + 70
vPrM1-l P Cell bodies located in the ventral posterior region of the prothoracic neuromere, close to vPrM1-a-m. Neurite projects medially and forms two branches. One branch projects anteriorly and the 
other medially to cross the midline. 
V + + - + + 71
vPrM1-m P Cell bodies located in the ventral medial region of the prothoracic neuromere close to the 
midline. Neurite projects dorsally and branches. The lateral branch projects to the anterior of 
the prothoracic neuromere while the medial branch projects dorsally to the midline.
V + + - + + 72
vPrM1-v P Cell bodies located in the ventral region of the posterior prothoracic neuromere close to the midline. Neurite projects dorsal medially towards the midline. Forms arborisations in the medial 
prothoracic neuromere.
V + + - + + 73
vPrM2-l P Cell bodies are large and located in the ventral region of the anterior mesothoracic neuromere. Neurite projects dorsally forming thick arbours in the dorsal mesothoracic neuromere. One 
branch exits the VNC via the anterior dorsal mesothoracic nerve to innervate a direct flight 
muscle.
V + + + + Muscle still need to be shown. + 74
vPrM2-l-m P Cell bodies located in the ventral anterior mesothoracic neuromere adjacent to vPrM2-l. Neurite projects medially and branches. The ipsilateral branch projects anteriorly to the 
prothoracic neuromere, likely to arborise in the anterior region. The other branch crosses the 
midline and turns posteriorly extending to the metathoracic neuromere. This is the most likely 
projection pattern based on existing images since they show mostly bilateral labelling. Exact 
arborisation is not know but likely to be around the main neurites.
V + + + + Arborisation in Mst unknown. + 75
vPrM2-l-m-2 P Cell bodies located in the lateral region of the anterior mesothoracic neuromere. Neurite projects medially and slightly posteriorly and bifurcates an ipsilateral and a contralateral branch 
that run along close to the midline. Both branches arborise in the prothoracic neuromere 
possibly connecting to the foreleg afferents. The contralateral branch may exit the VNC via the 
neck connective.
V + + - + + 76
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Neuron name Neuron type Description Tissue Images Tracing Arborisation Estimated arborisation Comments On map Figure      S4A
Kimura et 
al., 2008 
names
vPrM2-p P Cell bodies located in the ventral lateral anterior of the mesothoracic neuromere. Neurite projects posteriorly, arborising extensively in the mesothoracic neuromere before exiting the 
VNC to the midlegs.
V + + + - + 77
vPrM2-v P Cell bodies located in the ventral medial anterior of the mesothoracic neuromere. Neurite projects anteriorly and branches. The ipsilateral branch projects anteriorly and terminates in 
the prothoracic neuromere. The other branch crosses the midline and projects posteriorly. 
Could contain another population that only has contralateral projection that terminate in the 
contralateral prothoracic neuromere.
V + + + + Arborisation in Mst unknown. + 78
Wing afferent P Sensory neurons from wing. Maybe 2 types one projecting caudally and one projecting rostrally. Terminate within dorsal mesothoracic segment.
V + + - + + 57
AMMC ? Cell bodies located around the AMMC. Projects into the AMMC. B - - - - - -
aSP1 ? Cell bodies located in the PI. Neurite projects ventrally along the median bundle. Not many examples of this type of neuron were seen.
B - - - - - -
lAL-2 ? Cell bodies located ventral laterally to AL. Neurite projects ipsilaterally and contralaterally and arborises in a region close to AL, possibly the AMMC. Seen once with 6-22. Similar to type C 
acj6 neurons in Lai et al., 2008 and also Kamikouchi at al., 2009.
B - - - - - -
lP-5 ? Cell bodies located in the M ventral to lP-2. Neurite enters the neuropil via small tract entrance. Arborisation not known.
B - - - - - -
Mb I Cell bodies located in the main MB calyx. Neurites project only to gamma lobes. B - - - - - -
pSG1 I Cell bodies located in the ventral lateral V. Neurite projects medially, initially on the surface of 
the neuropil and then enters the neuropil close the posterior oesophageal foramen.
B - - - - - -
pSP2-3 I Cell bodies located anterior dorsal to the PB. Neurite projects ventral anterior to the PB anteriorly. Arborisation not known. 
B - + - - - -
dAb P Cell bodies located around the abdominal segment. One type arborises locally and exits the VNC.
V - - - - - -
dMsMt2 ? Cell bodies located on the dorsal metathoracic neuromere. Neurite enters the neuropil via a tract entrance in the lateral dorsal metathoracic neuromere.
V - - - - - -
vAb P Cell bodies located in the ventral abdominal neuromere. A number of neuronal types are present. 
V - - - - - -
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Table S3B. Unclassified neuronal classes.
Tissue Type Description Neuron name Gal4 Sex File name Figure S4A Panel
Brain Ascending Ascending neuron to slPr from MtAb 126 8-193 M 0803210106 79 A
Ascending neuron to slPr from MtAb 127 8-193 M 0803210110 79 B
Ascending neuron to slPr from MtAb 198 9-180 M 0802110133 79 C
Ascending neuron to slPr from MtAb 194 2-76 F 0802070129 79 D
Ascending neuron to lateral Ring, from MtAb. 196 8-173 M 0803180111 79 E
Ascending neuron to ventral Ring from vAb 207 NP3018 M 0802200124 80 A
Ascending neuron to ventral Ring from vAb 353 G329 M 0706180106 80 B
Ascending neuron to ventral Ring from vAb 352 G329 M 0706180110 80 C
Descending AMMC neuron possibly descending, with innervation to SOG. 199 G231 M 0803210134 81 A
AMMC neuron possibly descending. 227 NP4784 M 0712200107 81 B
AMMC neuron. 11-41 F - 81 C
Neuron near AL, projects posterior and also ventrally. Maybe 
descending. 340 NP3108 F 0712120103 82 A
Neuron near AL, projects posterior and also ventrally. Maybe 
descending. 426 11-2 F 0710080128 82 B
SOG SOG interneuron 436 9-161 M 0710020112 83 A
SOG local interneuron 191 G329 M 0706180106 83 B
SOG interneuron 444 12-15 M 0707110101 83 C
SOG interneuron 434 9-161 M 0710020111 83 D
Descending neuron innervating the ventral SOG G381 M 0802200104 83 E
Neurons innervating the ventral SOG and leaving the brain NP3018 M 0802200123 84 A
Neurons innervating the ventral SOG and leaving the brain 12-15 M 0802040124 84 B
Neurons innervating the ventral SOG and leaving the brain 15-13 M 0710230116 84 C
Visual Visual projection neuron? 197 9-10 M 0803210111 85 A
Projection neuron from optic lobe to dPr. 338 G228 F 0803250103 85 B
Maybe visual projection neuron connects to contralateral optic 
lobe. 195 7-61 M 0802070131 85 C
Optic lobe neurons 12-5 M 0709240136 85 D
Cell body near aSP3-4, projects to fan shaped body. 341 NP3108 F 0802200138 86 A
Posteriorly projecting aSP2? 335 9-46 F 0711260103 86 B
Neurons in the M projecting under the protocerebral bridge - G381 M - 87 A
Neurons in the M projecting under the protocerebral bridge - G381 F - 87 B, C
Neuron above calyx that projects anteriorly to R21. 343 P52A M 0802220123 88 A
Neuron above calyx that projects anteriorly to R21. 342 P52A F 0802220127 88 B
VNC Ascending Ascending vAb neuron. Innervates the venral Ring. 354 G329 M 0709100119 89 A
Ascending dAb neuron with arborisations in pro and mesothoracic 
segments. Connected to N0352, N0353. 355 NP3018 M 0802210108 89 B
Ascending dAb neuron with arborisations in pro and mesothoracic 
segments. Connected to N0352, N0353. 646 NP3018 M 0802210106 89 C
Ascending dAb neuron with arborisations in pro and mesothoracic 
segments. Connected to N0352, N0353. 647 NP3018 M 0802210109 89 D
Ascending dAb neuron with arborisations in pro and mesothoracic 
segments. Connected to N0352, N0353. 648 NP3018 M 0802210107 89 E
Descending
Descending neuron innervating the fore, mid and hindleg 
neuromeres. 221 NP3108 M 0802210115 90 A
Descending neuron innervating all three neuromeres. Maybe 
connected to lP-3. 218 G348 M 0803240134 90 B
Descending neuron innervating the fore and midleg neuromeres. 210 11-41 M 0802050129 90 C
Descending neuron innervating the fore and midleg neuromeres. 211 11-41 M 0802050129 90 D
Neuron innervating the mesothoracic neuromere. 217 G270 M 0802150122 91 A
Interneuron similar to Pr2 but more dorsal. 481 G364 F 0707040117 91 B
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11-2 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0.5 1 0 0.5 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 - 7 -
11-2 M 0 0 0 0 0 0 0 0 0 0.5 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 9 7 16
11-32 F 0 2 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 1 1 0 0 0 0 0.5 0 0 0 1 0 0 0 0 2 0 1 1 0 0 0 0 1 0 0 0 0 0.5 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 11 8 19
11-32 M 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 2 0 0 1 0 0 1 0 1 0 0 0 0 0 0 2 0 0 0 1 0 0 0 0 1 2 1 0 0 2 1 0 0 0 2 0 1 0 0 0 0 1 1 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 1 2 0 0 2 0 16 9 25
11-41 F 0 1 0 0 0 0 0 0 0 1.5 0 0 0 0 0 0 0 0 0.5 0 1 0 0 0 1 0 1 0 0 0 0.5 0 0 0 0 0 0 1 0 0 2 0.5 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1.5 1 0 0 0.5 0.5 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 12 9 21
11-41 M 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0.5 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 8 3 11
12-15 F 0 1 0 0 0 0 0.5 0.5 0 1 0 0.5 2 0 0 0 0 0 0 0 2 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 2 1 0 1 0.5 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0.5 0 0 0 0 1 0 0 0 0 1 1 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 15 7 22
12-15 M 0 1 0 0 0 0 0 1 1 0.5 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 2 1 0 0 0 0 0 0 0.5 0 0 1 0 0 0 1 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 14 9 23
12-64 F 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2
12-64 M 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2
2-76 F 1 0 0 0 0 0 0 0 0 1 0 2 0 0 2 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 1 0 0 0 0 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 1 1 0 0 2 0 9 6 15
2-76 M 1 1 0 0 0 0 0 0.5 0 1 0 1 0 0 1 0 0 0 0 0 0 2 0 0 0 0 0 1 1 1 1 0 0 0 0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0.5 0 0 0 0 0 1 0 0.5 0 1 1 1 0 0 0 0 0 1 0 0 0 1 2 0 1 2 0 13 13 26
3-5 F 1 1 0 0 2 0 1 0 1 0 0 1 0 1 0 2 0 0 0 0 2 1 0 0 0 0 1 1 0 0 1 1 0 0 0 0 0 2 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 1 1 0 0 1 0 0 0 1 1 2 0 2 1 18 14 32
3-5 M 1 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 2 2 0.5 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 1 0 0 0 0.5 1 0 0 0 0 0 1 0 0 0 1 0.5 0 0 0.5 0 0 0 0.5 1 1 0.5 1 0 0.5 2 1 0 0 1 0 0 0 0 0 0 2 1 0.5 0 2 1 15 18 33
3-8 F 1 1 1 2 0 0 2 0 0 1 0 2 0 2 1 2 0 2 0 0 2 2 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 2 0 0 0 1 1 0 1 0 0 0 0 1 0 0 0 1 0 0 2 2 0 2 0 0 0 0 0 0 0 2 2 0 0 0 0 19 11 30
3-8 M 2 2 2 2 2 0 2 0 1 1 0 2 0 2 0 2 0 0 0 0 1 2 0 0 2 1 0 0 1 1 0 0 0 0 0 1 0 1 1 0 0 0 0 0 1 0 1.5 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 1 0 0 0 0.5 0 1 1 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 2 1 0 0 2 0 22 12 34
6-22 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 2 4 6
6-22 M 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 3 6 9
7-5 F 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 - -
7-5 M 0 0 0 1 0 0 1 0 2 0.5 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 1 1 1 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 - -
7-61 F 0 0 0 0 0 0 0 0.5 0 0.5 0 0 0 0 0 0 0 0 0 0 1 0 0.5 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0.5 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0.5 0 2 0 7 8 15
7-61 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0.5 0 0 0 0 0 0 1 0 0 0 2 1 0 0 0 0 0 1 0 0 0 2 1 1 0.5 2 0 6 12 18
8-173 F 0 0 0 0 0 1 2 0 0 0 0 0 1 2 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 2 2 0 0 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 2 0 0 0 0 1 0 0 1 0 0 0.5 0 0 0 1 0 1 0 0 0 0 1 0 0 2 0 0 0 0 0 0 0 1 1 0 0 1 0 14 10 24
8-173 M 0 2 0 0 0 0 2 0 2 0 0 0 0 2 0 0 0 0 0 0 0 2 0 0 2 0 0 0 0 0 1 0 0 1 0 0 1 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0.5 0 1 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 12 12 24
8-193 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2
8-193 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 3 4
8-194 F 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 7 8 15
8-194 M 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 0 1 0 0 0 0 0 1 0.5 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 1 0 2 0 8 13 21
8-44 F 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 2 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0.5 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 1 1 0.5 1 2 0 8 11 19
8-44 M 0 1 0 0 1 1 1 1 0 0 0 1 0 2 0 0 0 0 0 0 2 2 1 0 2 0 2 1 0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 1 0 1 1 0 0 0 0 2 0 0 0 0 1 0.5 0 0 0 2 1 0 0 0 0.5 0 0 1 0 0 1 0 0 0 2 2 0 2 0 0 0 1 0 0 0 2 1 0 0 2 0 19 14 33
9-10 F 0 1 0 0 0 0 0 0 0 0 0 2 0 0 2 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 6 4 10
9-10 M 0 0 2 0 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 2 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 8 4 12
9-165 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0 1 0 1 0 0 0 0 1 0 0 0 1 2 0 0 1 0 - 9 -
9-165 M 0 0 0 0 0 0 0 2 1 1.5 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0.5 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 1 1 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 - -
9-168 F 0 2 0 0 0 0 0 0 0 2 0 0 1 1 0 0 0 0 0 0 1 0 0 0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 2 9
9-168 M 0 2 0.5 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0.5 0 2 0 2 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 6 8 14
9-180 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 1 0 0 1 1 0 1 0 0 0 0 1 0 0 0 1 0 0 0 1 0 4 11 15
9-180 M 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0.5 0 0 0.5 1 0 0 0 0 0 0 0 1 0.5 0 0 0 0 0 0 0 0 0 1 0 0 0 0 4 9 13
9-189 F 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 3 4 7
9-189 M 0 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 2 0 6 4 10
G170 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0.5 0 0 0 0 0 1 0 0.5 0 0 1 0 0 2 0 0.5 0 0 0 0 0 1 0 0 0 1 0 - 10 -
G170 M 0 1 0 0 1 0 0 0 2 0 0 0 0 2 0 2 0 0 0 0 0 2 0 0 2 0 0 0 0 1 1 0 0 0 0 0 0 1 1 0 2 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 16 5 21
G195 F 0 0 0 0 0 0 0 0 0 0.5 0 1 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 6 4 10
G195 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 3 5 8
G228 F 0 0 0 1 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 2 1 0 0 0 0 0 0 0 1 0 0 1 0 4 8 12
G228 M 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 1 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 1 1 0 0 1 0 3 8 11
G231 F 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 2 0 0.5 0 1 0 0 0 0 0 0 1 1 0 1 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 1 0 1 0 0 0 0 1 0 0 0 1 1 0 0 0 0 13 8 21
G231 M 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 2 0 1 0 2 0 0 0 0.5 0 0 0 0 0 0 1 0 0 2 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0.5 0 0 0.5 0 0 0 0 0 1 0 0.5 0 0 1 0 0 0 1 0 0 1 0 0 0 1 1 0 0 1 0 13 11 24
G270 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 6 5 11
G270 M 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0.5 0 0 0 0 1 1 0 0 0.5 0 0 0 1 1 0 0 0 0 0.5 1 0 0 1 0 0 0 0 0 0 0 1 1 0 0 2 0 6 12 18
G274 F 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 3 5
G274 M 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 3 5
G282 M 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 - -
G314 F 0 0 2 1 2 2 2 0.5 2 1 0.5 2 2 2 2 2 0 0 0 0 2 2 1 0 1 0 2 1 2 0 1 0 0 0 0 0 2 1 0 0 0.5 2 0 0 1 0.5 0 1 0 2 0.5 0 1 2 0 2 0 2 0 0 1.5 0 2 2 0 2 1 0 0 1 2 0 2 1 2 0 1 2 2 1 2 1 2 0 2 0 0 0 2 2 0.5 1 1 0 34 24 58
G316 F 0 1 0 1 2 1 1 0 2 0.5 0 0 2 2 0 2 0 0 0 0 2 1 0.5 0 1 1 2 0 1 0 1 0 0 0 0 0 0 1 0 1 1 1 0 0 1 1 0 1 0 0 0 0 0 1 0 0 0 2 0 0 0 0 1 0 0.5 0 0 0 0 0 1 0 1 0 0 0 1 1 0 1 0 0 1 0 2 0 0 0 2 2 0 0 0 0 26 12 38
G316 M 0 1 0 0 2 0 0 0 1 0.5 0.5 0 0 0 0 0 0 0 0 0 2 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 2 0 1 1 0 1 2 0 0 0 0.5 0 0 1 0 0 0 1 1 0 2 2 0 2 0 2 0 0 0 0 0 2 2 0 0 2 0 16 16 32
G323 F 0 1 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 4
G323 M 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 2 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 7
G330 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 1 0 5 4 9
G330 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 - 5 -
G348 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0.5 0 0 0 0 0 1 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 2 1 0 0 0 0 - 9 -
G348 M 0 1 0 1 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 2 1 0 0 0 0.5 1 0 0 0 1 1 0 1 1 0 1 0 0 0 1 1 0.5 1 0 0 0 0 0 0 0 0 0 1 0.5 0 0 0 2 1 0 0 0.5 0 0 0 0 0 0 0 0.5 0 0.5 2 2 0.5 0 0 0 0 1 1 0 0 2 2 0.5 0 2 0 19 16 35
G351 F 0 0 0 0 0 0 0 0 0 1 0 0 0.5 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0.5 1 1 0 9 5 14
G351 M 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 1 0 0.5 0 0 0 0 0 0.5 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 0 2 0 7 8 15
G381 F 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 1.5 1.5 2 0 3 8 11
G381 M 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0.5 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 2 2 0 6 6 12
G94 F 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 0 0 0 0 2 0 1 0 0 0 0.5 0 0 0 0.5 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0.5 1 1 0 0 0 0 10 8 18
G94 M 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 1 2 0.5 0 1 0 9 9 18
GH146 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
GH146 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
MZ19 F 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 3
MZ19 M 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 3 1 4
NP111 F 0 0 0 1 0 2 0 0 0 0 1 0 0 0 1 0 0 0 0 0.5 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0.5 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 12 4 16
NP111 M 0 0 2 0 0 2 0 0.5 0 0 0 0 0 0 0 0 0 0 0.5 1 0 0 0 0 0 0 0 0 2 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0.5 0 1 0 0 0 0 0 1 1 0 0 0 1 12 8 20
NP2296 F 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 6 1 7
NP2296 M 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0.5 0.5 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 8 4 12
NP3018 F 0 1 0 0.5 0.5 0 0 0 1 0.5 1 0.5 1 1 0 0.5 0 0 0 0 2 0.5 0 0 1 1 1 0 0 0.5 1 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 1 0 0 1 0 0 0 1 2 0.5 1 1 0 23 12 35
NP3018 M 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 2 0 0 2 0 7 7 14
NP3035 F 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 2 0 0.5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0.5 1 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0.5 0 0 0 0 0 0 1 0 0 0.5 1 0 0 2 0 0 0 0 0 0 0 0 1 1 0.5 1 0 12 10 22
NP3035 M 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 9 8 17
NP3108 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0.5 0 0 0 0 0 0 0 0 1 2 0 0 0 0 1 0 0.5 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 7 7 14
NP3108 M 0 1 0 0 0 0 0 0.5 0 0.5 1 0 0 0 0 0 0 0 0 0 1 1 1.5 0 2 0 0 1 1.5 1 0 0 0 0 0 0 0 1 0 0 2 0 0 0 1 0.5 0 1 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 1 0 0 0 0.5 0.5 0 0 0 0 0 1 0 0 0 1 2 0 1 0 0 0 0 0 0 0 1 2 0 0 2 0 16 11 27
NP4668 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NP4668 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
NP4784 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0.5 1 0 - 5 -
NP4784 M 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1.5 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0.5 0 2 0 6 5 11
NP5266 F 0 2 0 1 1 2 1 0 1 0 2 0 0 2 0 2 0 0 0 0 2 1 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0.5 0 0 0 1 1 1 0 0 0 0 2 0 1 0 0 0 0 0 1 0 0 2 0 0 1 1 0 1 0 1 1 0 1 0 0 0 1 1 0 0 1 0 21 14 35
NP5266 M 0 2 0 0 1 1 1 0.5 2 0 1 0 0 2 0 2 0 0 0 0 0 1 1 0 2 0 0 2 0.5 2 0 0 0 0 0 0 0 1 0 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 2 2 1 0 1 0 0 0 0 1 0 0 1 0 0 2 2 0 0 1 1 1 0 0 0 0 0 2 2 0 0 2 0 19 15 34
NP6629 F 0 1 0 0 0 0 0 0 0 1 0 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 0 2 0 0 1 0 8 7 15
NP6629 M 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0.5 1.5 1 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0.5 0.5 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0.5 0 1 0 0.5 0 0 0 0 0 0 0 1 1 0 0 1 0 12 9 21
NSYB F 0 1 0 2 2 2 2 0 2 2 2 2 2 2 1 1 1 0 1 0 1 1 1 0 1 1 2 1 1 0 1 0 0 0 0 0 2 2 2 2 1 1 0 1 2 1 2 2 0 2 0 0.5 2 1 0 2 0 2 1 0 1 1 2 2 1 0 0 0 0 0 2 0 0 2 1 0 2 1 1 1 2 1 2 0 0 1 1 1 2 2 1 1 2 0 40 25 65
NSYB M 0 2 1 1 1 1 1 0.5 2 1 1 1 1 1 2 2 2 0 0 0 0 2 1 0 2 1 1 2 1 1 1 1 0 0 0 0 2 2 2 2 1 1 0 1 2 2 2 2 0 1.5 0.5 0.5 2 1 0 2 0 2 0 0 2 2 2 2 2 2 0 1 1 1 2 0 1 1 1 0 2 2 2 0 2 0 2 0 2 1 1 1 2 2 1 1 2 0 43 28 71
P52A F 0 2 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0.5 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 4 4 8
P52A M 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 4 6
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10-16 F 0 1 0 2 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 2 0 1 0 0 0 0 0 1 1 1 0 0.5 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0.5 0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 13 7 20
10-16 M 0 1 0 2 0 0 0 0.5 1 0.5 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 1 1 0 0 0 0 0 2 0 1 0 2 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0.5 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 1 0 0 0.5 0 0 0 0 0 1 1 0 0 0 0 16 10 26
10-7 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2 1 3
10-7 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
10-93 F 0 0.5 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 4 6
10-93 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11-2 F 0 0 0 0 0 0 0 0 0 0.5 0 0 0 1 0.5 0 0 0 0 0 0 0.5 0 0 0 0 0.5 1 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 - -
11-2 M 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 - -
11-41 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0.5 1 0 0 0 1 1 0.5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 - -
11-58 F 0 0 1 2 1 1 2 0 1 2 1 1 0 1 1 0 0 1 0 0 1 1 0 0 2 0.5 0.5 2 0.5 0 1 0 0 0 0 0 1 0 1 0.5 1 0 0 0 2 0 2 2 0 0 0 0.5 0 0 0 0 0 1 0 0 1 0 1 1 0 0 0 0 2 0 1 0 1 0 1 0 0.5 1 1 0.5 1 0 1 0 0 0 0 0 1 1 0 0 0 0 28 16 44
11-58 M 0 0 1 2 0 0 1 0 1 0 1 0.5 2 1 1.5 0 0 1 0 0 1 0 0 0 2 1 0.5 2 1 1 1 0 0 0 0 0 2 0 2 0 2 0 0 0 2 2 2 2 0 0 0 1 0 0 0 0 0 1 0 0 0 1 2 1 0 0 0 0 2 0 1 0 1 0 1 0 1 1 1 1 0 1 0.5 0 0 0 0 0 1 1 0 0 0 0 26 16 42
12-117 F 0 0 0 0 1 0 0 0 1 0.5 0 0 0 0.5 0 0 0 0 0 0 1 1 0 0 0 1 1 1 1 1 0 0 0.5 0 0 0 0 1 1 0 0.5 0.5 0 0 1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 - -
12-117 M 0 1 1 0 1 0 1 0 2 1 1 0 1 0.5 0.5 0 0 0 0 0 1 0 0.5 0 1 1 0.5 1 1 1 1 0 0 0 0 0 0 0 2 0 2 0 0 0 2 2 1 1 0 1 0 0.5 0 0 0 0 0 1 0.5 0 1 1 1 1 1 1 0.5 0 0.5 1 0.5 0 0 1 0 0.5 2 2 1 0 1 1 0 0 0 0 0 0 1 1 0 0 0 0 27 21 48
12-119 F 0 1 0 1 1 0 1 0 1 0 1 1 0 0 0 0 0 0 0 0 2 1 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 2 1 0 0 2 1 0 2 0 0 0 0 0 0 0 0 0 2 0 0 1 0 1 1 0 0 0.5 0 1 0 1 0 1 0 0 0 0 2 1 0 1 0 0 0 1 0 0 0 1 1 0 0 0 0 18 14 32
12-119 M 0 1 1 0 2 0 1 0 2 0 2 1 1 0 1 0 0 0 0 0 2 1 0 0 2 1 0 0 1 2 2 0 0.5 0 0 0 0 1 0 2 2 0.5 0 0.5 1 1 1 2 1 1 0 0 1 0 0 0 0 1 0 0 1 0 1 1 0 0 0.5 0 0 0 1 0 0 0.5 1 0 1 1 1 0 1 0 1 0 0 0 0 0 2 1 0 0 0 0 29 15 44
12-15 M 0 0.5 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 2 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0.5 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 12
12-5 F 0 1 0 0 0 0.5 0 0 1 1 0 1 0.5 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0.5 0 2 1.5 1 0 0 0 0 0 0 0 0 0 0.5 0 0.5 0 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0.5 1 1 0 0.5 0 0 0 0 0 0 0 1 1 0 0 0 0 15 11 26
12-5 M 0 1 1 0 0 0 1 0 1 1 1 1 0 0.5 2 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0.5 0 0 2 0.5 1 0.5 0 1 0 0 0 1 0 0 1 0 0 0 0.5 0 1 1 0 1 0.5 0.5 0 0 0 0 0 0 0 0 0.5 1 1 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 22 12 34
12-78 F 0 1 1 0 0 0 1 0 1 0.5 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 2 1 1 0 0 1 0 0 0 0 1 2 2 0 0 0 2 2 0.5 1 0.5 0.5 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 0 1 0 1 0 0.5 1 1 0 0.5 1 1 0 0 0 0.5 0 1 1 0 0 0 0 22 15 37
12-78 M 0 1 0 0 0.5 0.5 1 0 2 0.5 2 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 2 2 0 0 0 1 1 1 1 0 0.5 0 0 1 0 0 0 0 1 1.5 0 0.5 1 2 1 0 1 0 0 0.5 0 1 0 0 0 1 0 1 1 1 1 0 0 1 0 0 0 0 0 1 1 0 0 0 0 22 17 39
14-14 M 0 1 1 0 0.5 0.5 0.5 0 1 1 0 0 1 0.5 0 0 0 0 0 0 1 0.5 0.5 0 1 0.5 0.5 1 0.5 1 1 0 0 0 0.5 0 0 0 2 2 1 0 0 0 2 2 2 2 0 1 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 1 0 0 1 1 0 0 0 1 0.5 0 0 1 0 1 0 1 0 0 0 0 0 0 1 1 0 0 0 0 28 14 42
14-2 F 0 1 0 0 1 0 0 0 1 0.5 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0.5 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 14 5 19
14-2 M 0 0 1 0 2 0 2 0 2 1.5 2 0 2 0 1 1 0 0 0 0 1 1 0 0 0 0 1 0 2 1 0 0 0.5 0 0 0 1 0 1 0 0 0 0 0 2 1 1 2 0 0.5 0 0.5 0 0 0 0 0 0.5 0 0 0 0 2 1 0.5 0 0 0 1 0 1 0 0 0 0.5 0 1 1 1 0 1.5 1 1 0 0 0 0 0 1 1 0 0 0 1 23 16 39
14-36 M 0 1 1 0 1 0 0 0.5 2 0.5 2 1 2 1 1 0 0 0 0 0 2 1 0 0 2 0 0 1 1 1 1 0 1 0 0 0 2 2 2 1 1 0 0 0 2 1 2 2 0 1 0 0.5 0 0 0 0 0 0 0.5 0 0 1 2 2 0 0 0 0 1 2 2 0 1 0 1 0 2 1 1 0 2 1 2 0 0 0 0 0 2 2 0 0 0 0 30 17 47
14-5 F 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0.5 1 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 1 1 0.5 1 0.5 0.5 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 14 6 20
14-5 M 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0.5 0.5 0.5 0 0 0 0 0.5 0 0 1 1 1 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0.5 0 0 0.5 0 0 0.5 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 17 8 25
14-81 F 0 1 0 0 1 1 1 0 1 1 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0.5 0 0 0 0 0 1 1 0 0 0.5 1 0 0.5 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 1 1 0 0 0 0 20 6 26
14-81 M 0 0 1 0 2 1 1 0 2 1 1 1 1.5 1 0 0 0 0 0 0 1 0 0 0 2 0 1 1 1 1.5 0 0 1 0 0 1 1 2 2 0 1 2 0 0 2 1 2 2 0 1 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 1 0 0 1 2 0 0 0 0.5 0.5 0 1 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 28 13 41
14-94 F 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
14-94 M 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
15-13 F 0 0.5 0 0 1 1 1 1 1 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 1 1 0 0 0 0 0 0 2 0 0 0.5 0 0 0 1 1 1 2 0 0 0 0 1 0 0 0 0 1 0 0 1 0 1 1 0 0 0 0 1 0 1 0 0 0.5 0 0 1 1 0 0 1 1 0.5 0 0 0 0 0 1 0 0 0 0 0 20 13 33
15-13 M 0 1 0 0 1 1 0 0.5 2 1 1 1 0 0 1 0 0 0 0 0 1 0 0.5 0 1 2 0 0 2 1 1 0 0 0 0 0 0 1 1 0 1 0 0 0 2 1 1 2 0 0 0 0 2 0 0 0 0 2 0 1 0 1 2 1 0 0 0 0 1 1 1 0 0 0.5 0 0 0 2 1 0 2 0 1 0 0 0 0 0.5 2 1 0 0 0 0 24 16 40
20-5 M 0 1 1 1 1 0 0 0 2 0.5 1 1 2 0 0 0 0 0 0 0 1 1 0 0 2 2 0 1 2 1 2 0 0 0 0 0 0 2 1 1 2 0 0 0 2 2 2 2 0 1 0 0.5 0 0 0 0 0 1 0.5 0 0 1 2 1 0 1 0.5 0 1 2 1 0 1 0 1 0 1 1 0 0 1 1 0 0 0 0 0 0 1 1 0 0 0 0 27 18 45
2-10 F 2 1 2 0 2 2 2 0 2 1 0 2 2 1 1 1 0 0 0 0 1 2 0 0 1 0 0 0 1 0 1 0 0 0 0 0 1 2 0 2 2 1 0 0 2 2 0.5 2 0 0 0 0.5 0 0 0 0 0 2 1 0 1 0 2 2 1 0 0 0 1 0 0 0 0 2 1 0 1 2 1 0 1 0 0 0 0 0 0 0 2 1 0 0 0 0 28 15 43
2-10 M 2 2 2 0 2 2 2 0 2 1 0 2 2 1 2 1 0 0 0 0 1 2 0 0 2 0 0 0 1 0 1 1 0 0 0 0 2 2 2 0 2 1 0 0 2 2 0.5 2 0 0 0 0 1 0 0 0 0 2 2 0 1 1 2 2 0 0 0 0 1 1 0.5 0 0 1 1 0 1 2 1 0 1 0 0 0 0 0 0 1 2 2 0 0 0 0 29 18 47
2-13 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 3
2-13 M 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 3 3 6
2-29 F 0 0 1 1 2 2 2 0 2 0 2 0 0 1 0 0 0 0 0 0 2 1 0 0 1 1 0 1 0 0.5 2 0 0 1 0 0 0 0 0 2 2 1 0 0 2 2 0 2 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0.5 0 0 0 1 1 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 23 8 31
2-29 M 0 2 2 1 2 2 2 0 2 0 2 2 0 2 2 2 0 0 0 0 2 2 0 0 2 0 0 1 0 2 2 0 0 2 0.5 2 0 0 2 2 2 0 0 0 2 2 0 1 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 1 0 1 0 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 28 11 39
2-35 M 0 0 0 0 0.5 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 1.5 0 1 0 0 0 1 0 0 1 1 1.5 0 0 0 0 0 0 0.5 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1.5 1 1 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0.5 0 0 1 1 0 0 0 0 13 9 22
2-38 F 0 0 0 0 1 0 0 0 2 1 0 0 0 1 2 0 0 1 0 0 1 1 0.5 0 0 0 0 2 0 0.5 0 0 0 0 0 0 0 0 0.5 2 2 0 0 0 1 1 0.5 2 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 0 0.5 0 0 1 1 0 0 0 0 19 10 29
2-38 M 0 0 0 0 2 0 2 0 2 0.5 1 0 0 1 1 0 0 0 0 0 2 1 0.5 0 1 1 0 2 2 1 1 0 1 0 0 1 0 0 1 2 1 0 0 0 1 2 1 2 0 0 0 0 1 0 0 0 0 1 1 0 0.5 0 2 1 0 1 0.5 0 0 0 1 0 0 1 0 0 0.5 1 1 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 26 15 41
2-41 F 0 1 0 0 0 0 1 0 0 1 1 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0.5 0 0 0 1 0 0.5 0 1 0 0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 - -
2-41 M 0 1 0 0 2 0 0 0 0.5 0.5 0 0 1 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 2 0.5 0 1 1 1 0 0 0 0.5 0 0 2 2 0 1 0 1 0.5 1 1 1 1 2 0 0 0 0 0 0 0 1 1 0 0 0 0 11 18 29
2-76 M 1 1 1 0 0 1 0 0.5 1 0.5 0 1 0 0 2 0 0 0 0 0 0 1 0 0 0 0 0 1 2 1 2 0 0 0 1 2 0 2 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0.5 0 0 0 0 0 0 0.5 0 0 1 2 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 19 9 28
3-27 F 0 1 0 2 1 2 1 0 1 0 0 0 0.5 1 0 0 0 1 0 0 0 1 0 0 1 0 0.5 1 1 1 0 0 0 1 0 0 1 1 0 0 0 0.5 0 0 1 1 1 1 0 0 0 0.5 0 1 0 0 0 1 0 0 0 0 1 2 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 1 0 1 0 0 0 0 0 0 2 1 0 0 0 0 25 12 37
3-27 M 0 1 0 2 2 1 2 0 2 0.5 0 1 1 0.5 1 1 0 1 0 0 0 1 0 0 2 0 0.5 1 2 1 0.5 0 0 1 0 0 2 2 0 0 0 0.5 0 0 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 1 1 1 0 0 0 1 0 1 1 1 0 1 1 1 0 0 0 0 0 1 1 0 0 0 0 29 15 44
5-60 F 0 1 0 1 1 1 1 0 1 1 1 0 1 0.5 1 0 0 0 0.5 0 1 1 0 0 1 0 1 1 0.5 1 1 0 0.5 0 0 0 0.5 1 0 2 1 1 0 0 1 1 1 1 0 1 0 0 0 0 0 0 0 1 0.5 0 0 0 1 1 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0 0 1 1 0 0 0 0 0 0 1 1 0 0 0 0 31 11 42
5-60 M 0 1 1 1 2 2 2 0 2 1 1 1.5 2 1 1 1 0 0 1 0 1 1 1 0 2 1 0.5 1 2 1 1 0 1 0 1 0.5 0 2 2 0 1 1 0 0.5 2 1 1 1 0 1.5 0 0.5 1 0 0 0 0 1 1 0 0 1 2 1 0 1 0 0 1 0.5 0.5 0 0 1 1 0 1 1 1 0 2 2 1 0 0 0 0 0 2 1 0 0 0 0 40 19 59
5-96 M 1 0 0 1 2 0 0 0 2 1.5 1 0 0 1 0 0 0 0 0 0 2 0 0 0 1 1 1 1 0 0 2 0 0.5 0 0 0.5 0 2 0 0 2 0 0 0 2 1 2 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 2 1 0.5 0 0 0 0 0 0.5 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 22 6 28
6-4 M 0 0.5 1 0 1 0 1 0 2 1 2 0 0 0.5 0 0 0 0 0 0 1 0 0 0 1 0 0 1 1 0.5 0 0 0.5 0 0 0 0 0 1.5 1 2 0 0 2 2 2 1 1 0 0 0 0 1 0 0 0 0 1 0.5 0 0 0 2 1 0 1 0.5 0 0 0 0 0 0 1 0.5 0 0 1 1 0 1 1 1 0 0 0 0 0 2 1 0 0 0 0 23 15 38
7-11 M 0 1 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0.5 0 0 1 0.5 0 1 0 0.5 1 0 0 0 0 0 0 0 0 1 0 1 0.5 0 0 0 0 1 1 0.5 0 0 0 0 0 1 0 0 0 0 0 0.5 0 0 1 2 1 0 0 0 0 1 0 0 0 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 17 11 28
7-48 M 0 1 0 0 0.5 1 0 0 1 0.5 1 1 0 0.5 0 0 0 0 0 0 0.5 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0.5 0.5 2 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 2 1 0.5 0 1 0 1 0 1 0 0 0 1 0 1 1 1 0 2 0 0.5 0 0 0 0 0 2 1 0 0 0 0 19 15 34
7-5 F 0 0 0 0 0 0 2 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 1 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 8 4 12
7-5 M 0 0 0 0 0 0 2 0 2 1 1 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 1 1 0 0 0 0 0 0 0 1 0 1 2 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0.5 1 0.5 0 0 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 16 11 27
7-69 M 0 1 1 0 0.5 0 0.5 0 1 1 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0.5 0.5 0 0 0 1 1 0.5 0 0 1 0 2 0 0 0 1 1 0.5 1 0 0 0 0 1 0 0 0 0 1 0 0 1 0 2 1 0 1 0 0 0 1 0 0 0 0 1 0 1 1 1 0 2 1 0 0 0 0 0 0 2 1 0 0 0 0 22 14 36
8-102 M 1 1 1 1 2 1 2 0 2 1 2 1 0 2 1 1 0 0 0 0 2 1 0 0 2 0.5 1 1 1 1 1 0 1 0 0 0 2 2 0 1 1 0 0 0 2 1 2 2 0 1 0 0 1 0 0 0 0 0 2 0 0 0 2 2 0 2 0 0 0 2 0 0 0 1 0 0 0 2 2 0 2 1 2 0 0 0 0 0 2 1 0 0 0 0 34 13 47
8-131 M 0 1 1 0.5 1 0 1 0 2 1 2 0 0 1 0.5 0 0 0 0 0 2 1 0 0 1 2 0 1 2 1 1 0 1 0 0 0 0 2 0 0 2 0 0 0 2 1 1 1 0 0 0 0 1 0 0 0 0 1 0 0 0 1 2 1 1 0 0 0 1 2 1 0 0 1 0.5 0 1 1 1 0 2 1 1 0 0 0 0 0 1 1 0 0 0 0 26 18 44
8-149 F 0 1 0 0 1 0 1 0 1 1 0 1 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0.5 1 0 0 1 0 0 0 0 0 1 0.5 1 0.5 0 0.5 0 0 1 1 0.5 1 0 0.5 0 0 1 0 0 0 0 1 0.5 0 1 0 1 1 0 0 0.5 0 0 0 1 0 0 1 0.5 0 1 1 1 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 24 15 39
8-149 M 0 1 1 0 1 0 0.5 0 2 1.5 0.5 0 2 1 0 0 0 0 0 0 1 0 0 0 1 1 1 1 2 1 1 0 1 0 0 0 0 2 0 1 1 0 0 0 2 2 1 1 0 0 0 0 2 0 0 0 0 0.5 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 26 11 37
8-171 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0.5 0 1 0 0 0 0 5 4 9
8-171 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 2 2 4
8-86 M 0 0 0 1 1 0 0 0 2 0 0 1 0 1 0 0 0 0 0 0 2 0 0 0 2 1 1 1 1 1 0 0 0 0 0 0 2 1 1 0 2 0.5 0 0 2 2 0.5 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0.5 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0.5 0 0 0 0 0 1 1 0 0 0 0 22 10 32
9-161 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0.5 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 1 0.5 0 0 0 1 2 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0.5 0 1 0 0 0 0 0 0 0 0 0 0 1 0.5 0 0 1 1 0 1 1 1 0 0 0 0 0 1 1 0 0 0 0 10 12 22
9-161 M 0 0 0 0 0 0 0 0 2 1.5 2 0 0 2 1 1 0 0 0 0 2 0 1 0 0 0.5 1 1 2 0 1 1 0 2 0 0 0 0 0 0 2 0 0 0 1 1 0 2 0 1 0 0 1 0 0 0 0 1 0 0 1 0 1 1 0 1 0.5 0 0 0 0 0 0 0.5 1 0 1 1 1 0 2 1 1 0 0 0 0 0 1 1 0 0 0 0 21 16 37
9-165 F 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 1 1 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0.5 0 0 0 1 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 1 1 0 0 0 0 12 9 21
9-165 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0.5 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0.5 2 0 0 0 2 1 0.5 0.5 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0.5 1 0 0 1 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 13 7 20
9-168 M 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 - -
9-39 M 0 1 0 0 0 0 0.5 0 2 1 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 1 1 0 0 0 0 2 2 2 2 0 0 0 0 1 0 0 0 0 1 0 0 0 1 2 1 0 0 0.5 0 0 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0.5 1 1 0 0 0 0 14 12 26
9-46 F 0 0.5 0 0 1 0 0 0 1 0.5 1 0 0 0 0 0 0 0 0 0 1 0 0.5 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 1 0 0 0.5 0 0 1 1 1 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 1 0 0 1 1 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 17 8 25
9-46 M 0 0.5 0 0 1 0 0 0 2 1 0 0 0 0 0 0 0 0.5 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0.5 1 1 1 1 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 2 0 0 0 0 0 1 1 0 0 0 0 15 12 27
9-59 M 0 0 1 1 1 1 0 0 2 0 2 1 0 0 0 0 0 0 0 0 1 2 0 0 2 0 0 1 2 0 2 1 1 0 1 1 2 2 0 0 0 0 0 0 2 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 24 - -
G120 F 0 0 1 0 0 0 0 0 0 0.5 0.5 0 0 0.5 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0.5 0 0 0 0 0 0 0 0 1 2 0.5 0 0 1 0.5 0 1 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 - -
G120 M 0 1 2 1 2 1 1 0 2 0 2 1 1 1.5 0.5 1 0 1 0 0 0 1 0.5 0 2 1 0 0 2 1 1 0 1 1 1 1.5 1 2 1 0 2 1 0 0 2 2 2 2 0 1 0 0 0 0 0 0 0 2 0 0 1 1 2 2 0.5 1 0 0 1 2 0 0 0 0.5 1 0 2 2 1 0 0.5 1 0 0 0 0 0.5 0.5 2 1 0 0 0 0 35 20 55
G122 F 0 1 0 1 1 0 1 0 1 1 1 0 0 0 0 0 0 0 1 0 1 1 0.5 0 0 1 0.5 1 1 1 1 0 0 0 0 0 1 1 1 1 0.5 1 0 0 1 1 0.5 1 1 0.5 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30 - -
G122 M 0 1 0 1 2 0 1 0 2 0 1 0 0.5 1 1 0 0 0 0.5 0 0 1 0 0 0 0 0 0 1 1 1 0 1 0 0 0 1 1 2 0 1 1 0 0 2 1 1 1 0 0.5 0 1 0 0 0 0 0 0 0.5 0 0 1 1 1 0 0 0 0 1 0.5 0 0 0 0 0 0 1 1 1 0 0 1 0.5 0 0 0 0 0 2 1 0 0 0 0 26 13 39
G132 M 0 1 1 1 0 0 0 1 1 0 1 0 1 1 1 0 0 0 0 0 1 1 0.5 0 1 0 2 1 1 2 1 2 0 1 1 0 0.5 1 0 0 0.5 0 0 1 2 1 1 1 0 1 0 1 1 0 0 0 0 1 0.5 0 1 1 2 1 0 0 0 0 1 2 1 0 0 1 1 0 1 1 1 0 1 1 1 0 0 0 0 0.5 1 1 0 0 0 0 32 20 52
G143 M 0 0 0 0 1 0 0 0 1 0.5 0 1 1 0 0.5 0 0 0 0 0 1 0 0 0 1 0 1 1 1 1 1 0 0 1 0 0 2 1 1 0 1 1 0 0.5 1 1 1 1 0 1 0 0 1 0 0 0 0 1 0 0 1 0 2 1 0 2 0.5 0 0.5 2 1 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0.5 2 1 0 0 0 0 26 16 42
G170 F 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0.5 0 0 0 0 1 0.5 0 0 0 0 0 0 0 1 1 2 0 0 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 - -
G179 M 0 1 0 0.5 1 0 0 0 2 1 1 1 1 1 0 0 0 0 0 0 1 0 0 0 1 0 0 1 1 1 1 0 0 0 0 0 0 1 1 0 2 0 0 0 2 1 1 1 0 0 0 0 0 0 0 0 0 0.5 0 0 0.5 0.5 1 1 0 0 0 0 0 1 0.5 0 1 1 1 0 0 1 1 0.5 0.5 0 0 0 0 0 0 0 1 1 0 0 0 0 22 16 38
G191 F 0 1 2 1 0 0 1 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 2 0 0 1 1 0 0 0 0 0 2 1 0 0 2 1 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 18 7 25
G191 M 0 1 1 1 0 0 0 0 0 0.5 0 2 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 1 0 0 0 0 0 2 0 1 0 1 1 0 1 1 1 0.5 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1 1 0 0 0.5 0 0 0 0 0 0.5 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 22 10 32
G192 F 0 1 0 0 0 0 1 0 0 0.5 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 2 0 0 0 1 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 11 5 16
G192 M 0 1 0 0 0 0 0.5 0 1 1 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 1 2 0 0 0 0 0 0 0 1 1 2 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 1 0 0.5 0 1 0 0 0 0 0 0 1 1 0 0 0 0 14 8 22
G197 M 0 1 0 0 1 0 0 0 1 0.5 1 0 0 0 0 0 0 0 0 0 0.5 1 0 0 0 0 1 1 0 1 0.5 0 0 0 0 0 0 0.5 1 0.5 1 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 2 0.5 0 0 0 0 0.5 1 0 0 0 0 0 0 0.5 0 0 0 1 1 0 0 0 0 0 0.5 0 0 0 0 0 0 18 9 27
G211 M 0 1 0 0 1 0 0 0 2 0.5 2 1 0 1 0 0 0 0 0 0 1 0 0 0 2 0 1 1 1 1 1 0 0 0 0 0 2 0 1 1 1 0 0 0 1 1 1 1 0 1 0 0.5 0 0 0 0 0 0 0 0 1 1 1 1 0 1 0 0 1 1 0 0 0 1 0 0 1 1 1 0 0.5 1 0 0 1 0 0 0 1 0 0 0 0 0 24 15 39
G215 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 2 4 6
G215 M 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 3 10
G256 M 0 1 0 1 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 1 0 0.5 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0.5 1 0 0 0 0 1 0 1 1 1 0.5 0 1 1 0 0 0 0 1 1 1 0 0 0 0 13 15 28
G261 M 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1 0 0.5 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0.5 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 - -
G270 M 0 0 1 0 0 0.5 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0.5 2 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 - -
G274 F 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 - -
G274 M 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 - -
G279 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2
G279 M 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 4
G282 M 0 1 0 1 1 0 0 0 1 0 2 0 0 0 0.5 0 0 0 0 0 0 0 1 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 2 0.5 0 0 0.5 0 0.5 1 0 0 0 0 0 0 1 1 1 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 10 15 25
G30 M 0 1 1 0 1 0 0 0.5 1 0 1 1 0 2 0 0 0 0 0 0 1 1 0 0 1 0 0 1 1 2 0.5 0 0 0 0 0 1 2 2 0 2 0.5 0 0 2 1 1 1 0 0 0 0 0 0 0 0 0 2 0 0 1 1 2 0 1 0 0 0 1 2 0 0 0 0 1 0 1 2 1 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 24 14 38
G304 F 0 1 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 2 1 1 1 1 0 0 1 0 0 1 1 0 0 1 0.5 0 0.5 2 2 0 1 0 1 0 0.5 0 0 0 0 0 0 0 0 1 0 0.5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 1 0 0 0 0 0 1 1 0 0 0 0 22 9 31
G304 M 0 1 0 1 2 0 0 0 2 0 0 1 0 1 0 1 0 0 0 0 1 1 0 0 1 2 2 0 1 1 1 0 0.5 0 0 0 2 2 2 0 1 1 0 1 2 2 0 2 0 1 0 0 1 0 0 0 0 2 0 0 2 0 2 1 0 2 0 0 1 2 1 0 0 0 0 0 1 2 2 1 2 0 1 0 0 0 0 0 1 2 0 0 0 0 27 16 43
G314 M 0 2 2 1 2 2 1.5 0 2 1 2 2 2 2 2 2 0 2 0.5 0 1 2 0.5 0 2 1 1 1 2 2 2 0 2 2 2 2 2 2 2 0 2 0 0 0 2 2 2 2 0 2 0 0.5 0 1 0 0 0 2 0.5 0 1 1 2 2 0 0 0 0 1 2 2 0 0 0 1 0 2 2 2 2 2 1 2 0 0 0 0 0 2 2 0 0 0 0 41 19 60
G316 F 0 0 0 0 1 1 0 0 2 1 0 0 0 0 0 2 0 0 0 0 2 0 0 0 2 1 1 1 0 0 0 0 0 0 0 0 0 1 0 1 2 0.5 1 0 2 1 1 1 0 1 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 21 - -
G316 M 0 0.5 0 0 1 0 0 0 1 0.5 1 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 1 1 0.5 0 1 0 0.5 0 0 0 1 0 1 0 2 0 1 0 2 1 1 1 0 1 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 23 - -
G321 F 0 1 1 0 0 0.5 1 0 1 2 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 2 1 0.5 1 1 0 0.5 0 0 0 1 1 1 0 1 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 1 0 1 0 1 0 0.5 0 0 1 0 0.5 1 1 0 0 0 0 0 0 2 1 0 0 0 0 23 13 36
G321 M 0 1 1 0 1 1 2 0 2 1 2 1 1 0 1 0 0 0 0.5 0 1 0 0 0 1 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0.5 0 0.5 1 1 1 0 1 0 0 1 1 0 0 0 0.5 1 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 16 14 30
G323 F 0 0.5 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0.5 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 - -
G323 M 0 1 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 2 0 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 - -
G329 F 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 1 0 1 0 0 0.5 0 0 0 1 0 0 0 1 1 0 0 1 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 - -
G329 M 0 1 0 0 0 1 0 0 1 0.5 0.5 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 1 0 0 0 1 1 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0.5 0 0 0 1 0 0 0.5 1 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 14 10 24
G330 M 0 1 0 0 0 0 0 0 0 0 0.5 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 1 0 0 0 1 0 0 0 0 0 0 0.5 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 8 2 10
G332 F 0 0.5 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0.5 1 0 0 0.5 0 1 1 0 0 0.5 0 1 0 0 0 0 0 0 0 0 0 1 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 13 3 16
G332 M 0 1 0 0 0 0 0 0 0 0.5 1 0.5 0 0 0 0 0 0 0 0 1 0 0 0 0.5 0.5 0.5 0 0 0 0 0.5 0 0 0 0 1 0 1 0 1 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0.5 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 15 6 21
G336 M 0 1 2 1 2 2 2 2 2 1 2 2 2 2 1 0 0 0 0 0 2 2 0 0 2 2 2 0 2 2 2 0 1 0 0 1 2 1 0 2 2 1 0 0 2 2 1 1 0 1 0 0.5 0 1 0 0 0 1 0 0 1 1 2 2 0 2 0.5 0 1 1 0 0 0 1 0.5 0 2 2 1 0 2 1 1 0 0 0 0 0 2 1 0 0 0 0 36 19 55
G348 F 0 1 0 0 0 0 0.5 0 1 1 1 0.5 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0.5 0 0 1 1 1 0 0 0 0 0 0 0.5 1 0.5 0.5 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18 - -
G351 M 0 1 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0.5 0 0 0 1 0 0 0 2 0 0 0 1 1 0 0 0 0.5 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 - -
G364 F 0 1 1 1 2 2 2 0 1 1 2 1 0 1 1 0 0 2 1 0 2 1 0 0 2 2 1 0 1 1 1 0.5 0 0 0 0 2 2 1 0 2 2 0 0 2 2 0.5 2 0 0 0 0.5 1 1 0 0 0 2 0.5 0 1 0 1 1 1 0 0.5 0 2 0 1 0 0 1 0 0 0 1 1 1 2 2 1 0 0 0 0 0 2 2 0 0 0 0 35 18 53
G364 M 0 2 2 1 2 1 2 0 2 1 5 1 2 2 2 1 0 2 0 0 1 1 1 0 2 1 1 1 1 2 2 0 1 0 1 1 2 2 2 0 2 1 0 0 2 1 2 2 0 1 0 0 1 1 0 0 0 2 0 0 1 1 2 2 0 2 0 0 1 2 2 0 0 1 1 0 0 2 2 1 2 1 1 0 2 0 0 0 2 1 0 0 0 0 40 20 60
G371 F 0 1 0 1 1 2 1 0 1 0.5 1 0.5 1 1 1 1 0 1 0 0 1 1 0 0 2 0 0 1 1 1 0 0 0 0 0 0 1 1 0.5 0 1 0 0 0 1 1 0.5 1 0 1 0 0.5 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 1 1 1 0 0 0 0.5 0 1 1 1 0.5 0 1 0 0 0 0 0 0 1 1 0 0 0 0 30 14 44
G371 M 0 1 1 1 2 2 2 0 2 0.5 1 0 1 1 2 1 0 2 0 0 1 1 0 0 2 1 1 1 2 2 0 0 1 1 1 1 1 0 2 0 2 0 0 0 2 1 2 1 0.5 0 0 0.5 0 0 0 0 0 2 0 0 0 0 1 1 0 1 0 0 1 1 1 0 0 0 0 0 0 1 1 0 0 0 0.5 0 0 0 0 0 1 1 0 0 0 0 35 12 47
G376 M 1 0.5 0 1 2 2 1 0 2 0 1 1 2 1 0 0.5 2 2 1 0 1 1 1 0 0 0 1 0 1 2 2 0.5 0 0 0 0 2 2 0 0 0 0 0 0 2 1 1 1 0 1 0 0 0 0 0 0 0 1 0 0 1 0.5 1 0 0 2 0 0 1 0 1 0 0 1 0 0.5 1 1 1 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 30 14 44
G381 M 0 2 0 0 1 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 - -
G8 F 0 1 0 1 0 0 1 0 1 1 0 0 1 0 0 0 0 0 0.5 0 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 1 0 0 0.5 1 1 0.5 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 21 - -
G8 M 0 1 0 0 1 0.5 1 0 1 1.5 1 0 1 1 0 0 0 0 0 0 1 0.5 0 0 0.5 0 0 0 1 1 1 0 0 0 0 0 0 1 0 1 2 0 0 0 2 1 1 1 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0.5 0 0 0.5 1 1 1 1 0 0 1 0 0 1 1 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 23 15 38
G94 F 0 1 0 0 0 0 0 0 0 0.5 0.5 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0.5 0 0 0 0 0 0 0 0 0 1 2 0.5 0 0 1 1 0.5 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 - -
G94 M 0 1 0 0 0.5 0 0 0 0 0.5 1 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 1 0 1 0 0 0 0.5 1 0 0 2 0.5 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 19 - -
MZ19 M 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 - -
NP111 M 0 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 1 0 1 2 1 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0.5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 - -
NP3018 M 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0.5 0 0 0 1 1 0.5 1 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 1 0.5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 - -
NP3108 F 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0.5 0 2 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 2 0 0 1 0.5 0.5 0 0.5 0 0 0.5 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 - -
NP37 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0.5 0.5 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 - -
NP37 M 0 1 0 0 0 0 0 0 0 0.5 1 0 0 0 0 0 0 0 0 0 1 0 0.5 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 2 1 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 1 0.5 0 1 0 1 1 0 1 0 0 0 1 1 0 0 0 0.5 0 1 1 1 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 13 15 28
NP4784 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 - -
NP4784 M 0 0 0 0 0 0.5 0 0 0 0.5 0 0 0 0 0 0 0 0 0.5 0 0 0 0.5 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 - -
NP547 F 0 1 0 0 2 0.5 0.5 0 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 0 1 0 0 1 0 0.5 0.5 0 0.5 0 0 0 1 1 1 1 1 0 0 0 1 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0.5 0 0 0 0 0 0 0 0 0.5 0.5 0 0 1 1 0 0.5 0 0 0 1 0 0 0 1 1 0 0 0 0 24 11 35
NP547 M 0 1 0 1 1 0 0 0 2 1 2 0 0 1 0 1 0 0 0 0 2 1 0 0 0 0.5 1 2 1 2 2 0 1 0 0 0 2 0 2 0 2 1 0 0 1 1 1 1 0 0.5 0 1 1 0 0 0 0 0 0 0 0 0 2 0 0 0 0.5 0 0 0 0 0 0 0.5 0 0 0.5 2 2 1 1 2 1 0 0 0 0 0 1 2 0 0 0 0 28 12 40
NP678 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
NP678 M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NP7036 F 0 0 0 0 0 0 0 0 0 0.5 2 0 0 0 0 0 0 0 0.5 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0.5 2 0 0 0 1 1 0 1 0.5 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 3 16
NP7036 M 0 1 0 0 0.5 0 0.5 0 0 0 0 0 0 0.5 0 0 1 0 0 0 1 0 0.5 0 0 1 0 1 0.5 1 1 0 0 0 1 1 0 1 0 0 2 0 0 0 1 1 0 1 1 0 0 0.5 1 1 0 0 0 1 0 0 0 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 23 7 30
NP7358 F 0 2 0 0 1 0 1 0 2 0.5 0.5 1 1 0 1 0 0 0 1 0 1 1 0 0 2 0 0 0 1 1 1 0 1 0 0 0 1 2 1 0 1 0 1 0 1 1 1 1 0 1 0 0.5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 29 - -
NP7358 M 0 1 2 1 1 1 1 0 2 1 2 1 2 1 0.5 0.5 0 2 0 0 1 1 0 0 2 0 1 1 0.5 1 1 1 0 0 0 0 2 2 0 0 2 0 0 0 2 1 1 1 0.5 0.5 0 1 1 0 0 0 0 1 1 0 1 0 1 1 0 1 0.5 0 1 0 0 0 1 1 0 0 1 1 1 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 35 16 51
NP913 F 0 1 0 0 2 0 0 0 1 0.5 1 0.5 0 1 0 0 0 0 0 0 1 0 0 0 0 0.5 2 1 0 1 1 0 0.5 0 0 0 1 1 0 0.5 1 1 0 0 1 1 1 1 0 1 0 1 1 0 0 0 0 0 0.5 0 0.5 0 1 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 1 1 0 1 1 0 0 0 0 0 0 1 1 0 0 0 0 26 10 36
NP913 M 0 1 0 0 2 0 0 0 1 1.5 2 0 0 0.5 0 0 0 0 0 0 2 0 0.5 0 2 1 2 1 0 1 2 0.5 1 0 0 0 2 1 0 1 2 1 0 0 1.5 1 1 1 0 1 0 1 0 0 0 0 0 1 0.5 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0.5 0 0 0.5 1 1 1 1.5 1 1 0 0 0 0 0 1 1 0 0 0 0 27 14 41
Table S4B
187
Supplementary methods 1 
 
Immunostaining for registration (brain and VNC) 
 
Fly CNS tissue (5 to 10 tissues per line) 
PBS 
PBST (0.3% TritonX in PBS) 
Formaldehyde solution (1ml 4% paraformaldehyde in PBS + 10µl  10% Triton-X) 
Blocking solution (10% Normal Goat Serum in PBST) store frozen  
Antibody solution (5% Normal Goat Serum in PBST) 
Primary antibody solution (Antibody diluted in Antibody solution) 
Secondary antibody solution (Antibody diluted in Antibody solution) 
Anti-fade solution (Vectrashield) 
 
1. Dissect in PBS and store brains in PBS on ice. Dissect as carefully as possible, only high quality 
brains will register. Dissect in batches of 30 minutes. 
2. Incubate in 300 µl Formaldehyde solution for 20 - 30 minutes at room temperature to fix tissue.  
a. 22ºC for 30min or 25ºC for 20min 
b. DO NOT FIX AT TEMPERATURES ABOVE 25ºC or there will be high background 
3. Wash in 500 µl PBST, 3 X 10-15 minutes.  
4. Block in 300 µl Blocking solution for at least 2 hours at room temperature (usually about 4 hours). 
5. Incubate in 300 µl Primary antibody solution for approx. 48 hours at 4ºC. 
a. Only re-use primary solution once. 
6. Wash in 500 µl PBST, 2-3 X 10-15 minutes at room temperature. Wash overnight at 4ºC. 
7. Incubate in 300 µl Secondary antibody solution (spin down for 5 minutes before use) for approx. 48 
to 72 hours at 4ºC. I have tried 96 hours. 
a. 72 hours is preferable.  
8. Wash in 500 µl PBST, 2-3 X 10-15 minutes at room temperature. Wash overnight at 4ºC. 
9. Wash again for a few hours (>4 hours). Wash for 5-10 minutes in 500 µl PBS before mounting. 
10. Mount on slide with small drop of Anti-fade solution for microscopy according to registration 
protocol. 
Antibody Dilution 
Rabbit α-GFP polyAb (Torri Pines) 1:6000 
Rabbit α-β-gal polyAb (Cappelle) preabsorbed with w- embryos (1:10) 1 :300 
Mouse NC82 for neuropil 1:20 
Alexa fluorophore conjugated secondary antibody 1:500 or 1:1000 
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 Supplementary methods 2 
Image Acquisition Protocol for Registration 
 
 
Slide mounting 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. Make sure tissues are in the correct 
orientation. 
a. Brain anterior facing up 
b. VNC ventral side facing up 
coverslip coverslip 
2. Vectashield should just cover 
brain and not everything, otherwise 
tissue will float. 
coverslip 
3. Fill with more Vectashield 
from side by capillary action 
after putting on coverslip 
Female 1 
Female 2 
Female X 
Male 1 
Male 2 
Male X 
Slide 
Label • • 
 
• 
• 
 
Same arrangement of 
sexes with ventral 
ganglia slides 
Brain 1 
Brain 2 
Brain X 
VG 1 
VG 2 
VG X 
Slide 
Label • • 
 
• 
• 
 
Same arrangement of 
tissues with slides of 
both sexes 
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Slide preparation 
 
Ideally, tissue should be aligned along the slide. 
 
Ensure brains are mounted using SUPERFROST PLUS slides with the appropriate 
border clearing for bridges. High width tolerance of normal Superfrost or Superfrost 
UltraPlus means slide will not fit into 4X slide holder. Do not use these slides! 
 
 
 
 
 
 
 
 
 
 
  
•     • 
•   • 
•   • 
•   • 
• 
 
Minimum 
1cm 
Minimum 
1cm 
Varnish well, seal around all edges to stop 
evaporation 
ALLOW TO DRY COMPLETELY 
OVERNIGHT to stop emersion oil form 
dissolving the varnish 
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Preparing the multi-slide holder 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Place slides face down. Note position of slide 
label.
321 4
4. Firmly secure slides to slide holder with 
BluTak. This is to stop minute movement of 
slides during scanning.
1. 4x slide holder. Note orientation
2. Write down name of slide at each position on 
record sheet
321 4
3
2
1
4
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5. Add a large amount of immersion oil to slide.
6. Choose the right objective and place holder 
on microscope.
7. Firmly secure slide holder to stage with 
BluTak.
8. Set up sample positions. Note recommended 
route.
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 Before scanning 
 
1. Check the MultiTime macro is installed under your username. 
 
 
Path and Scan settings 
 
1. Place slides into 4X slide holder. Use BluTak to firmly stick down the slides 
onto the holder and the holder onto the stage. 
 
2. Set the path and scan settings: 
 
Confocal M09  Alexa 488/568 Alexa 488/633 other 
Laser output 488: 5.9mA (48%) 
561: 15 default 
488: 5.9mA (48%) 
633: default 
 
Laser power 488: 15% 
561: 25% 
488:15% 
633: 100% 
 
Beam splitter 1 HFT 405/488/561 HFT 405/488/633  
Beam splitter 2 NFT 565 NFT 635 VIS  
NC82 channel filter 
(Ch4) 
LP 575 LP 650  
Neuron channel filter 
(Ch2) 
BP 505-530 BP 505-530  
Ch4 pin hole 114, optical slice <2.5um, 
(1.10AU) 
114, optical slice <2.5um   
(1.80AU) 
 
Ch2 pin hole  1.00AU 118, optical slice <2.5um 
(1.34AU) 
 
Resolution 768 X 768 768 X 768  
Stacks 165 slices, 1um spacing 165 slices, 1um spacing  
Scan speed 7 (2.06us), unidirectional 7 (2.06us), unidirectional  
Averaging Line, mean 2 Line, mean 2  
Objective Plan-Neofluar 25X/0.8mm 
Imm corr 
Plan-Neofluar 25X/0.8mm 
Imm corr 
 
Zoom* 0.9 (0.854) [0.7 for VNC] 0.9 (0.854)  
 
Open new image and change palette to Range Indicator mode. 
 
* Adjust zoom settings to ensure sufficient coverage of tissue. Brain should look like 
Figure 1. 
193
 Image and tissue Settings 
 
2. Adjust pinhole to optimum for the session using continuous scan mode. 
3. Find tissue 1 and place in centre of field. 
4. Adjust Z-sectioning to define centre of tissue in Z-axis (Figure SM2a below 
for landmarks). For the VNC, simply check 1st and last slice to ensure entire 
tissue is covered in Z-axis, adjust accordingly. Then return to the middle slice 
and it will be the correct 83rd slice.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. Return to mid-section (slice 83). Mark position in the Stage menu. 
6. Select 2nd tissue. Adjust XY settings to place in center of field. Check Z-axis 
settings. Every brains should all fit in the settings, if not add more slice or 
redefine midslice. Ensure Z-settings are correct. DO NOT re-ADJUST Z 
SETTINGS for each tissue; otherwise slice positions will be changed. 
7. Mark position and repeat. 
 
Slice 83 should look something like this. 
Figure SM2a 
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Adjusting image exposure 
 
8. After all tissue positions have been marked, return to each position to check Z-
axis settings (1st, mid and last slice are all correctly specified) and also detector 
settings as below. Retract the lens before returning to position 1 to avoid lens 
pushing slide up. 
  
 Gain Offset 
Ch4 gain Just below overexposure. 
Centre of brain should be 
well exposed, see picture 
before. 
Background just below 0 
(speckled blue) 
Ch2 gain Overexposed to well 
exposed, neurons clearly 
visible (slightly red). 
Background can be a little 
noisy but should not affect 
projection tracing. 
Background just below 0 
(speckled blue) 
 
9.  Adjust exposure settings to satisfy most brains on the same slide. 
 
Applying settings 
 
10.  After all settings have been confirmed, save by pressing 
CONFIGURATIONS button in light path window. Name according to date. 
11. Go to FILE and create a new LSM database. Name the database according to 
the date YYMMDD, add 01, 02 03 etc if there are multiple sessions during the 
same day. Record folder on sheet. 
12. Record the position of each brain on the sheet. 
13. Change to confocal setting to LSM from visible if you have not done so. THIS 
IS IMPORTANT to stop filter change at the start of the macro. 
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Running automation MACRO 
 
14. Before starting with the macro, make sure you are not on Visual mode but 
LSM mode in acquisition. 
15. Move to sample position 1.  
16. Open MultiTime macro in “macro”.   
17. Go to “Options” and specify a location on the local hard drive for your 
temporary files. This is where the program saves the images before moving 
them onto the server just incase something bad happens during scanning. 
18. Delete files in existing temporary folder. 
19.  Press UPDATE to update marked positions and configurations. 
20.  Check block settings to ensure Z-stack acquisition is selected. 
21.  Go to each position and specify configuration settings AND CHECK! 
a. Configurations in LSM are saved as single or multitrack 
configurations. If your configuration is not visible in the drop list, click 
on the “single track” button to change track settings and vice versa. 
22.  Select the folder to save the output files. Choose the one you have just made. 
23. Specify the BASE FILENAME for the run, usually the same as folder 
a. (Your initials)YYMMDD01. 
24. Press UPDATE again to ensure all LSM configurations are correctly updated 
in the macro. 
25. Press RUN TIME to start macro. 
26. File will be automatically saved in the specified fold along with the temporary 
files used during acquisition. 
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